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10 General Exams 


( Important physical and mathematical basics J 


|: ((Common|Silpretixes 


Prefix Abbreviation Meaning 
„7 — = 
Femto f 10715 
Pico p 10-2 
Nano n 10° 
Micro u 10% 
Milli m 1073 
Centi ó 10? 
Deci d 107! 
Kilo k 10? 
Mega M 10° 
Giga 
Tera 19 | 
Уф РЕР РНЕ 7 
[2| conversion/oFsome units 
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(m2) 
А 
TA RY P SN 
i0? wm T x106 x104 
x107 x 
Angstrom @)| | = (m | km | Га) Ва 
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x10? х1079 = x10 x10) — x10? 
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gl perimeters) areas and уоште о зоте geometticshapes p 


A. Plane geometric shapes : 


Figure Square | Rectangle Triangle Circi 
Geometrical | 
зћаре | 
Е 
Perimeter 4l 


Area (A) e 
Nas 


B. Solid geometric shapes : 


Figure 


Geometrical Í LAN | 
shape BP. ri | 
v ЈЕВ роја Modem E 


||| ü Graphical representations обсотетеја оно и avariani] 


Relation Graph 


| — y 
_|- Atx=zero =>  yc-zero 
* The straight line passes by the origin (0, 0) rà 
Slope = =m (pi t relati 7 j 
w irect relation) (0,0) 
у=а+тх 


- Atx=zero => y-a (positive value) 
* The straight line intersects y-axis at point (a). 


7 At y = zero, x = b (negative value) =— E 


Slopez 2У =m 
rao AME 


| 


yzmx-d 
d T 
- Aty zero >x= noe (positive value) 
* The straight line intersects x-axis at 
point (c). 
-Atx=zero => y=-d (negative value) 


Ay 
Slope = Ax 


уга-х 
- The sum of the two quantities x, у at any 
point = constant value (a) 


-Atx=zero => у = а (constant value) 


-Aty=zero => x = а (constant value) (об eX 

Slope = 27 =—1 | 

pe=- =- 
| ах ____ | 
as Y 
== | 
- The product of two quantities x, у at any \ 
point equals constant value (a). N » 

(Inverse relation) x 


(0,0) 


y =a sin (x) 


- The value of (y) varies between (a, — a) 
with the change of x. 


(GE used physical quantities, their symbols and units of emen 


Physical quantity Symbol Unit of measurement 
de ud үт ~ 
Displacement or distance — — | — d meter ği 
Amplitude A meter la 
Wavelength x da) meter T 
v hertz = fos | 
Frequency (Neo) second"! gl 
Time t | second s 
Periodic time T second 5 
Wave velocity У meter/second m/s 
Refractive index n | Dimensionless quantity 
Speed of light in space c meter/second m/s 
Angle of incidence or reflection ф deg 
Angle of refraction 0 deg 
Critical angle ф, deg 
The apex angle of a prism | А | deg 
Angle of deviation [v4 deg 
Minimum angle of deviation a, || deg 
Dispersive power of the prism Ф Dimensionless quantity 
Mass m kilogram kg 
| Volume | Ya meter? m? 
Density P kilogram/meter? kg/m? 
pm = F ne kgms? 
A meter? m 
E g meter/second? mis : 
Newton.second/meter? = | М5/лт = 
— — HN Nys kilogram/meter.sccond - kgms. 
[Mass flow rate | _ | о kilogram/second | - kels 
(Volume flow rate Bu amr UL Cuban R "AM TG m/s 


3 
3 /second 
Q, meter /sec 
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Chapte ctives 
By the er^ = this Chapter, the student should be able to: 
* Recognize ‘jie meaning of wave motion. | • Compare between 


longitudinal waves. 


• Recognize the concept of complete 
oscillation, amplitude, frequency and * Deduce the relation between speed of 
periodic time. propagation, frequency and wavelength 


of a wave. 

* Mention the types of waves. 

* Compare between mechanical and 

* Identify the conditions for obtaining electromagnetic waves. 

mechanical waves. 

* Acquire the skills to solve problems 
using the mathematical relations in this 


chapter. 


* Carry out experiments to represent 
the nature of transverse waves and 
longitudinal waves. 


Lesson One 


© You have studied that motion can be classified into two types : 


Examples sea 


=== 


) Motion in a straight lir Motion in a curved path 
Translational (Projectile motion) 


- ~~~ 
ә. 


Q 


~ 


A 


S 


It is a motion between 
two different points, 
a starting point and an 
end point. 


2) 


Wave motion 


Periodic 


motion 
Se 


I 

Itis a motion that gets 
repeated regularly 

! through equal 


ee of time. 


* In this chapter, we will study the wave motion, but first, we have to discover some 
important concepts through studying the oscillatory motion. 
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Lesson One 


D Oscillatory motion 
The oscillatory motion : - 


e If a body moves periodically on both sides of a fixed point, Itis the motion of a vibrating 

body about its rest position or | 

. its equilibrium position that | 

this motion is called an oscillatory motion such as gets repeated through equal 
intervals of time. 


whether its motion is in a straight line or in a curved path, 


the oscillation of : 


-——— > | 
үру > 
X + МИ 
| 
Simple pendulum У га ћи, ting string Plumb or bob suspended 
(Clock pendulum) tuning fork (violin strings) to a spring (Yoyo) 
о In the following, we will study the oscillatory motion о 7-0 tha motion of 


a simple pendulum: 

When a bob (suspended weight) of a pendulum is displaced 
sideways its resting position (point X) towards point Y, 

it will be subjected to a restoring force due to gravity, 
therefore when releasing the pendulum, it vibrates back 

and forth on both sides of its equilibrium position and repeats 


its motion in regular time intervals. 
• To study oscillatory and wave motions, we must know some initial terms and concepts, 


these physical concepts will be explained using a simple pendulum. 


Јо 


UNIT 


о: 


i Xi 
--4--—А 


о 


Displacement (d) 


> When a pendulum is oscillating, 

| its bob moves sideways its rest position 
| (point X) towards any point in its path 

| of motion such as point O or Q where 

| the distance between this point and 

| the equilibrium position is called 

| displacement (d). 

| The displacement of a vibrating body : - 

| It is the distance travelled by an oscillating . 


| body from its rest or equilibrium position 


| at any moment. 


| e It is a vector quantity. 


"cC 
о | 


Amplitude (A) 


> When the weight of the pendulum is 
displaced from point X to point Y or z 
and left to oscillate, so it moves between 
the two points (Y, Z) where the maximum 
displacements of the pendulum away 
from its equilibrium position are equal in 
both sides (XY = XZ) and is called the 
amplitude (A). 


The amplitude (A) : 
> the maximum displacement of an : 
Шапе body away from its restor | 

equilibrium positio» 


eltisa 


* Its mec » meter (m). 


| * Its measuring unit is meter (m). 


9 


© Complete oscillation 


Y—X 


X—-Y 
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a Еписители information 


Hence, the pendulum bob passes by point X two 


successive times in the same direction with 
the same velocity, ће. the body has the same 


> If the motion of the body has been observed 


starting from: 
Point (Y) 


© The phase : It is the state of position, 
velocity and direction of the motion 
of the body at a certain instant. 


phase. 


Point (Z) 


It makes one complete oscillation at the instant of passing again through 
Point (Y) 


Point (Z) 


As follows 


Ү X— Z—+> Х— Y 


> Thus, the complete vibration (ове Та о 


Complete oscillation: 


It is the motion of an oscillating body during : 


2998 
© Ө) 


"—— ÀÀÀ | 


defined as : 


»eriod of time when it passes through 


a certain point іп its path of motion two successive times in the same direc!’ 


——G The periodic time m јр 


y The time taken by а vibrating body to pass 
| by the same point two successive times 

| in the same direction (to make a complete 
oscillation). 


Le 


The frequency (0) 


The definition 


> The number of complete oscillations made 
by a vibrating body during one second. 


The mathematical relation 


| " t (Total time in seconds) 
~ N (Number of complete oscillations) 


=4 x The time of an amplitude 


'The meas 


Second (s) which is equivalent to Hertz? (az) 


is N (Number of нкт oscillations) | 
| Е t (Total time in seconds) i 
| \ | 

i 
bs | 


E x The t time of an amplitude 


uring unit 


Hertz (Hz) which is equivalent to second + (87) 


а= 
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UNIT 


slope=T slope=v 


N t 


| The relation between frequency (v) and periodic time (T) 


Or 


ie 
| Frequency = The reciprocal of the periodic time, s^ frequency is inversely 
| proportional to periodic time. 


* From the previous, we can represent. the graphs of: 


. Frequency: versus periodic | Frequency Versus the reciprocal 
time (v - T) of the periucic time (0-49 


as follows 


p» e 29-=1 
C ЕД ы a 
45° 
T 


Notice that the nu = 45? only if the p 
coordinates are drawn with the same sca , 


| 
| 
| 


Notes = 


(1) The motion of the pendulum bob from point X to point Z 
represents a quarter of a complete oscillation. 


(2) The time taken by the bob of the pendulum to move from point X 
to point Z equals i the periodic time. 


(3) The displacement of the pendulum bob from point X to point Z 
equals the amplitude. 


— Xd 
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In the ideal simple pendulum, the periodic time (T) depends only on the length (f) of = 
| the thread when the acceleration due to gravity (g) is constant, where: T = 2л H 


— 


| Simpleiharmonic motion (SHM) 


* Simple harmonic motion is a type of 
periodic motion such as the motion of 
a simple pendulum or a body fixed to 
a spring coil which can be represented by 
a sinusoidal curve (sine wave) as follows: 


Enrichment information 


© In simple harmonic motion, there is 
a force affecting the body (restoring 
force) whose magnitude increases as 
the distance between the vibrating 
body and its initial position of 
equilibrium increases and it has 
a direction that is always toward 
the initial position of equilibrium. 


* To clarify the simple harmonic motion, 
we carry out the following experiment: 


f 
@ Put a load on a horizontal smooth plane and attach Equilibrium 
one end of a spring to the load and the other ~ position 

the wall (fig. 1). | Spring goil P 
E. i 
@ At pulling the load to the right, the spring gets Horizontal (ig)! | ! 
smooth plane | ТА! 
| E 
| i 


displaced a distance A and gets elongated (fig. 2). 


© When you release the load, the spring exerts 
a force on the load, pulling it towards the 
equilibrium position (fig. 3). 


@ When the load reaches the equilibrium position, its 
velocity becomes a maximum value and the load 
exceeds the equilibrium position and completes 

its motion, hence the spring is compressed and the 
velocity of the load decreases till it reaches zero when 
the load reaches a displacement (A) equal to its 

initial displacement (A) in step €) (fig. 4). 


Ө When the spring is compressed, the force resulted from 
the compression of coil turns causes the load to return 
again to the equilibrium position at which its velocity 
becomes a maximum value (fig. 5), then the load 
passes the equilibrium position to make a displacement 
A for another time (fig. 6). 


* This motion gets repeated in equal intervals of time, 
so the relation between the displacement of 
the load (d) from the equilibrium position and 
the time (t) can be represented by a sine wave 


function as shown in the opposite graph: 


sine wave for the Simple 
harmonic motion 


In the opposite figure: If the time taken by the pendulum 

to move from X to Z is 0.8 s, calculate: 

(a) The periodic time. 

(b) The frequency. j 
(c) The number of complete oscillations through 16 s. x 
(d) The time required to make 50 oscillations. 


Solution 

(a) 

Q, Clue 
When the bob of the pendulum moves from X to Z, 
it covers half a complete oscillation. 

21208. 
Ts NUI 1.65 
2 


zd. = 
(b) o 4. =b = 0.625 Hz 
()N=L= i$ = 10 oscillations 


Another Solution: N=vt=0.625 x 16 = 10 oscillations 


(4) t=NT=50 х 16=805 


N00. 
020625 = 805 


Another Solution: t= 
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The opposite graph represents the relation between Я 
the number of complete oscillations (№) and the time (1), 
then the frequency of motion of this body equals... © 
Ww) 0.2 Hz (^ 2 Hz (©) 5 Hz (d) 40 Hz " 
Solution 
2 
cz AN. 8-0 02 
Slope = “sr = ар O? — HARE 
N 10 20 30 40 
Us та 2. V = Slope = 0.2 Hz 
7. The correct choice is (a). 
The opposite graph represents the relation 9€? 
between the displacement (d) of an 
oscillating body and the time (t), then ........... 
| The The number of t(s) 
7 complete oscillations 5 
amplitude per minute 
@) 10cm 15 «10 
(| 20cm 15 
© | 10 ст 20 
(| 20cm 20 
Solution 
t=Iminute A=? N=? 


+: The amplitude is the maximum displacement of an oscillating body away { 
position. 

“. From the graph: 

А =10 ст 

T=4s T= 

Through a minute : 


t. 1x60 
at 1x60 _ 15 
veni 


2. The correct choice is (a). 


z|- 


‘What | you are asked to determine at which of the four points a, b, c or e, 
if | theobject's velocity is greater? What is your answer? 


C eil eov uei CLS) сл уз ва | 25 


Й li i d 
The opposite graph represents the relation between 


the displacement (d) and the time (t) for a mass tied 
to a spring and vibrating with frequency 60 Hz, 

s x 
then the time taken by the mass to pass between 


the two points x, y iS -+ " 

@4x 1035 (58 х 10735 

-3 

© 12.5 x 10735 @25 x 10? s 
Solution 


v=60Hz |=? 


га, Clue | 
The motion of the mass between the two points x, у represents FH 
complete oscillation and hence the time interval taken by the mass 


to move between them equals E T. 


9 = 125 10? 5 


7. The correct choice is (c). 


с Test yourself. = 


| What | you have known that the amplitude of the spring is 2 cm, what is the magnitude 
if of the average velocity of the mass when it vibrates between the two points x, y? 


Choose the correct answer: 


E The opposite figure represents an oscillating simple 
| pendulum, so its periodic time equals ........... 
(а) the time of motion from x to z 
| (b)the time of motion from ytoz 
(C) double the time of motion from z to y 


(d) double the time of motion from z to x 


— 


4 


О The opposite figure represents a body tied to a spring 
that makes a simple harmonic motion such that the 
amplitude of its vibration is A. so when the body 
makes a complete oscillation, .. 
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A smooth horizontal surface 


| | 15 total displacement | The total distance covered by the body 

| @| å о | И 0 | 
® 0 4A | 

| © 2A 0 

| © 2A 4A 


| Ba simple pendulum vibrates with a periodic time T and 

| amplitude A. If the pendulum starts swinging from point x in 
the direction of point y as shown in the opposite figure, then 
the graph that represents the relationship between the distance 
(d) of the bob of the pendulum away from point y and the time 
(D 1S ues " 
| d 


d 

| 
| 2A Al 

A Ais У 
e" 
| i / o 
L T T T 
-А 2 -А 2 

| 2A -2A 


- 
20 
— > 
|| Energy transformations during the motion of simple pendulum 


sformations in a simple pendulum, let us remember 
I energy and mechanical energy: 


* Before studying the energy tran: | 
the concepts of kinetic energy, potentia 


The concept Example —__ 


S. A running man \ 
1 Kinetic | 
| energy The energy possessed by | 
p e — ihe body due to its motion | 

KE= i my? | | 
J 
sa i Elongation and compression 

2) i of a spring 
г " Potential The energy stored in 

enea.. ——> the body due to its state 
PE- mgh or position | 
- » 
~ 
3) ; 
[^ Mechanical The summation of ~ — 
nerd _ —— (һе potential energy and x 
Е= РЕ+ КЕ the kinetic energy of the body | ~ i 
i B a é J 


3X In the following, we will discuss the transformations of energy 
in a simple pendulum so that when the pendulum bob shown 
in the opposite figure moves starting from position X, hence: 


qe At position X иа 0 
| The pendulum bob has the maximum | ESO - E x Y 
Ө height relative to its equilibrium | КЕ=0 E 
position. |E-PE E KE PE 


geom During its motion from position X to Y 


* The vertical height of the pendulum bob decreases 
gradually, hence its potential energy decreases. 
СЪ Its kinetic energy increases as its velocity increases. 
i.e. The potential energy gets converted gradually into kinetic 
energy since the mechanical energy is constant at all - 
positions. a Y 


—3] 


—-- At position Y (The equilibrium position) 


* The potential energy of the bob has been completely converted 
Q into kinetic energy. 


| * The velocity of the bob at this position has a maximum value. 


— During the motion from position Y to Z ——— 
| * The height of the pendulum bob increases gradually from its 
| equilibrium position, hence its potential energy increases. 

о' The velocity of the pendulum decreases gradually as 
its kinetic energy decreases, hence the kinetic energy 
gets converted gradually into potential energy since 
the mechanical energy is constant at all positions. 


=== At position 2 —— — — — — —. 


^ The kinetic energy gets converted completely into 


| potential energy. 
| 


• In the opposite figure, when the pendulum moves 
starting from point Z, the following graphs represent 
the variations of some physical quantities related 
to the motion of this pendulum as time (t) passes 
through one complete oscillation: 


The displacement (d) away from 
о the equilibrium position versus time (t). 


€) The velocity (v) versus time (t). 


© The kinetic energy (KE) versus time (t). 


© The potential energy (PE) versus time (t). 


| Ө The mechanical energy (E) versus time (t). 
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| * In the opposite pendulum whe 


Note: - —— — Se 


n the pendulum bob is displaced 


from point y to x then left to vibrate; 


| (1) The velocity of the pendulum at point Y is a maximum value. 


| (2) The velocity of the pendulum at each of the two points X 


! 


апа Z vanishes. 
| Hence, we can define the amplitude as follows: 


The amplitude : 


It is the distance between two successive points in the path of motion of an oscillating 


body whose velocity becomes a maximum value at one of them and zero at the other. 


The opposite figure represents an oscillating л 7 
fork, so the velocity of the fork’s arm increases tien 


decreases when it moves from · 
far? 

@ztox 

(b)xto y 

(c)ytoz 

(d; x to z then tox 

Solution 

The opposite figure shows the magnitudes of the 
velocity of the fork's arm at the points x, y and z, it 
js noticed that the velocity of the fork's arm increases 


then decreases when it moves from point y to point z 
or vice versa. 


7. The correct choice is (с), 


r 
What | you are asked to determine at which position x, у or 2, the 


mechanical [s 


и ) of the tuning fork is the greater 7 What is your answer? 


nergy 
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@ Test yourself — == 


| 


The opposite figure shows the motion of a simple pendulum 
where xy = yz = zk = KL. If the pendulum takes lime (to move 


from x to y. the periodic time is 


(8t (b) less than 8t 
(©) greater than 8 t (d) indeterminable | 
Solution 
Q Clue 


Lesson One 


The pendulum moves from x to z with positive acceleration where its velocity increases as 


it goes down due to the change of its potential energy into kinetic energy, where its average 


velocity through the displacement yz is greater than through the displacement xy, so the 
displacement yz takes time less than t and the same for displacement zk, so the time taken 
to cover the distance xy is greater than half the time of the amplitude 


Le. it is greater than the time of complete oscillation. 


8 


2. The periodic time for the pendulum is less than 8 t. 


з. The correct choice is (b). 


Choose the correct answer: 
E The opposite figure shows the motion of a simple pendulum. 
If xy = yz = zk = kl, so s. 
(а) the kinetic energy at k > The potential energy at x 
(b) the potential energy at l < The potential energy at y 
(©) the kinetic energy at y = The kinetic energy at k 
(d) the kinetic energy equals the potential energy at all points 


| @ The opposite fi igure shows a vibrating string, which of 
the following ratios of potential energy is less than one? 


Гат 


Oscillatory Motion а 


Questions on 
Lesson One 


The questions signed by 3K are answered in detail. | @ Understand OApply_eeHigher Order Thinking Skills | У 


Multiple/choice'questions Interactive toy 


@ The motion of a body in a circular path with a constant speed is considered --........ . 
О -— a j : у 
(а) a periodic motion (b) а simple harmonic motion 


(c) an oscillatory motion (d)a wave motion 


[27 The motion of a swing is considered ~= Ы 
е A й А 
(а) а translational motion (b) а wave motion 
(c) an oscillatory motion (9) а circular motion 


[37 In the opposite figure, the pendulum makes а сол“: 
е 


oscillation when it moves from +: 
@x—ry 
(b) ye 


©x— y —-z——-y x 


(х—у—=——у—х 


Ө Æ In the opposite figure, a body moves in an oscillatory motion, | | = 9— ~ 
^ во the distance which is moved by the body during a complete с А B 


| 


oscillation equals = + 
(a) double the distance AB (b) double the distance BC 
(c) half the distance AC @ four times the distance BC 


(B) The opposite figure shows a simple pendulum vibrating with an amplitude 
. " 
A. If its bob has moved from position x to position y then to position z, the 
magnitude of displacement of the pendulum bob equals --......-. - 


(ЈА ®2A 
©3A (d) zero 


о In an oscillatory motion, the ratio between the time of an amplitude and the time 
of a complete oscillation is ·-........ ` 


9j + or: 


Questions on Chapter 1 


Lesson One 


@ In which of the following figures is the distance between the two positions x, y 
^ representing the amplitude of vibration? 


' 
П 
Load! 


bod 
T3 
Ji i 


05000050000 


сс) (dà 


Ө, The opposite figure shows a string vibrating with a periodic 
^ time T, so the time taken by the string to reach the maximum 
displacement from its equilibrium position is ---------- E 


m T | 
Ор (OF ©5 ФТ 


== | 
Is 


[97 The periodic time of an oscillating simple pendulum is the time taken by the pendulum 
^ bob to pass for two successive times through a point in its path when this point is +=- ` 
(ajat the equilibrium position 
(b) at the maximum displacement away from the equilibrium position 
fc) between the equilibrium position and the maximum displacement in the positive direction 
(а) between the equilibrium position and the maximum displacement in the negative direction 


® Ж The opposite figure shows a person measuring 
© his pulse rate that is found to be 75 beats per minute, 
What is the frequency and the periodic time of his 
heart muscle motion? 


The frequency The periodic time S 
Nol 0.8 Hz 08s 
|| овнх 1255 
© “1.25 Hz 08s 
@| 125Hz — | 1255 


(91) palor | (ele OLS) Std Ly yalsd| | 33 


= 
= EB e Understand Apply £ Higher Order Thinking Skills 
— > nee рат аа ns 


omplete onc oscillation, then the numbe f 
ro 


@)* If a vibrating object takes 0.1 s t0 c 
Ы complete oscillations made by the object during 100 s equals = oscillation 


(D 10 ^ 100 (c^ 1000 d) 10000 


[12] Æ The opposite graph represents the relation 


e H H 
between the number of oscillations (N) produced 800 

from an oscillating source and the time (t) during 600 

Which those oscillations occur, the frequency of 400 

the source equals «7 . 
" 200 

8 10 Hz (b) 20 Hz 
=>, ; _ У 
с 40 Hz (4) 800 Hz 10 20 30 ap 9 


Which of the fi vi i -— 

[5 e following graphs represents the relation between the periodic time (T) of 
a simple pendulum and the number of complete oscillations (N) made by the pendulum? 
um? 


T T е 
N Иа lau " 
© ® © d 


ХС J 


Whi i 
Ф У сћ i би graphs represents the relation between the frequency (v) and 
the periodic time (T) of a body making a simple harmonic motion? 


а) (5) © " 


G * Two simple pend ER 
Ы ple pendulums (х, у) are oscillating, the ratio between their periodic times 


у а || 

Ge) is 7+ then the rati à v 

T. 4 jo between their frequencies (5) equals +--+ а 
y 


fa; 1 
Oa fp; 4 
А (94 @2 


| 2 
з 


| -—— 


Questions on Chapter 1 


@, Та the opposite figure, if the pendulum 
о 


takes 1 5 to move from point X to point Y, so 


Lesson One 


its frequency equals e | 

(20.5 Hz \5 Hz 
а (b)5 На x som Y 
10 Hz (450 Hz 


[17] ЖА vibrating body takes 0.01 s to reach its maximum displacement away from its 
o 


equilibrium position, so its frequency equals --++------ - 


(220 Hz (b) 25 Hz (©) 50 Hz /d) 100 Hz 
М ея " А | 2 
[18] Æ The ratio between the periodic time and the frequency of a vibrating body equals $35 
o 
so the number of oscillations made by the body during 25 s is +--+ oscillations. 
@25 @®) 125 © 425 (d) 625 
© Ж In the opposite figure, a flexible oscillating rod бет —— 
о а b 
takes time of 0.01 s to move from a to b, then: ey | HH 
(i) Its periodic time -+--+ . x / 
N / 
(8,0025 (6)0.04 s XL? 
Му 
©0.06 s @0.08 s Li 
(ii) The amplitude of its oscillation is ------.... 5 
@3 cm (b) 6 ст ©9cm J 12cm 
(iii) The average speed of the rod’s motion between the two points b, c equals 
fa, 600 cm/s (b) 300 cm/s ©) 150 cm/s (475 ems 


[207 Which of the following figures represents a simple pendulum that has the lower frequency 
e 


if the time taken by the bob of the pendulum from point x to point y in each of them is t? 


(a) (b) 


«D 


E "n 
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e In the opposite figure, a simple pendulum makes a simple harmonic 


* motion of periodic time T. Starting from point + X, the point at which 


the bob of the pendulum becomes after a time interval of: 
digi» ‘ 

à point -X 

b point + X 

с point O 

d` between the two points + X, O 

Gi) 3.5 is eee : 


а point -X (b) point + X 

c point О (d) between the two points -X, О 
(ii) 525Tis -—-- 

a` point + X 

b. point O 


c between the two points — X, O 
га between the two points + X, O 


[22] The opposite graph represents the relation between the 
T displacement (d) of a vibrating body and the time (t), so 
the time difference between the two points Р, R is +- E 
Га) half the periodic time 
Љу double the periodic time 
^c; the periodic time 
(а, quarter the periodic time 


B The opposite graph represents the variation of 

? the displacement (d) of a body which makes a simple 
harmonic oscillation with time (t), then: 
(i) The amplitude of its oscillation is equal to «+--+ : 
fa, 5cm Љ)б ст 
^c, 10 ст (dj 20 cm 
(ii) The periodic time of its motion equals «++ | 
(aj2s (35 
(с)45 (468 


an 


Questions on Chapter 1 


e Æ Which of the following graphs represents the relation 
** between the displacement (d) away from point x for 


the bob of the pendulum shown in the opposite figure 


and the time (t) when the pendulum moves from point 
xX to y then z ? 


© 


[25] A simple pendulum vibrates with frequency v and amplitude A, 
** the opposite graph represents the relation between the displacement 


(d) for the bob of the pendulum and the time (t), if the length of 
the pendulum string and the work done on the bob are modified 
to increase both the frequency and the amplitude of vibration to 


the double, which of the following graphs represents the relation 


between the displacement (d) and the time (t) for the motion of 
the pendulum in this case? 
d d 


[3 


T 7 Г | ee 


@) (b) © 


126) In the opposite figure a pendulum vibrates with frequency 0.5 Hz 


I P ET t Р а 
about its equilibrium position (2), if the pendulum starts its motion 


from position Y, so through a minute the bob of the pendulum 


passes by: 

(i) position Y ee times, 
(а)29 ()30 
©31 (d) 60 
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d 


«D 
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z 
5 zat 


(ii) position Z =e times. 

@30 59 
(©) 60 (961 
(iii) position X .--------- times. 


(8)29 (6)30 
3k (d) 60 


(27) In the opposite figure, a body suspended to a vertical spring is pulled 


° downwards from point B to point C then left to move a simple 


harmonic motion. The total mechanical energy of this body when 
the air resistance is neglected will be =- : 

(2) a maximum value at point A 

(b) a maximum value at point B 

(€) minimum value at point B 

(d) constant at all points 


® Ж Figure (1) shows a pendulum whose equilibrium роз is at y oscillating 
** between the two positions x, z and figure (2) shows gra; Ну the relation 


between the displacement (d) of the pendulum bob from position x and 
the time (t), then: 


d(cm) 


t(s) 


2 


Figure (1) Figure (2) 
(i) The amplitude of the pendulum equals 


(2)1 ст 


(b)2 cm 
(£)4 ст (8)8 cm 
(ii) The frequency of the pendulum equals --- 
(2)0.25 Hz о 0.5 Hz 
©2Hz @4Hz 


= 


Questions on Chapter 1 


[29] The opposite figure shows a load placed on a smooth horizontal 
** surface connected to a spring coil while moving a simple harmonic 
motion, if the load passes by position z with a velocity of 0.5 m/s 
towards the left at a certain instant, what will be the position and 


the velocity of the load after it completes one and a half oscillation 
from that instant ? 


Equilibrium 


Lesson One 


а B Position | Frequency 
@| >; 0 
] © | | 0.5 m/s towards the right 
© x 0 
© z 0.5 m/s towards the right 


&y Ў In the opposite figure, if the time taken by the pendulum 
to move from position x to y is t, and the time taken by 
the pendulum to move from y to z is tj, so + 
OLAS (t, 7t, 
©t,<t, (d) the answer is indeter 


& The opposite figure represents four 
* positions for a body connected to a spring 
coil during its vibration, at which position 


the body has the higher speed? 


@y pz 
©k @l 


132) Ж The opposite figure shows a simple pendulum whose bob has been 
^ displaced to position x, if the bob of the pendulum is left to move in 
a simple harmonic motion of periodic time 2 s, the time taken from 
the moment at which the bob is left to move until it has : 


(i) The maximum displacement in the negative direction for 


о—+® 
The positive direction of motion 


the first time equals «+--+ E 
(05 (bjls (с) 1.55 @2s 


(ii) The maximum speed for the first time equals - 
(2)0.55 (b) Is (с) 1.55 @2s 


[39 — 
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i v(m/s) 
[33] The opposite gr aph represents the relation between 


+ the velocity (у) of the bob of a simple pendulum a and = 


' the time (t) when it is observed starting from = g 


D its equilibrium position 
D the position of maximum displacement " 
(E) the position at which the bob has the maximum 


max 


| possible potential energy 
«Ф the midpoint between its equilibrium position and its maximum displacement 


& The opposite figure represents a body connected to a spring 
^ and vibrating between the two points A, D, then the minimum || 
| 


potential energy of the body is at = d ШЕЕ 
ABOCD 


| (а) point A or point D (b) point O 
©) point В @ pointe C 


& The opposite figure represents a string vibrating between 
the two positions х, 2, then the kinetic energy of the strin: 
is converted gradually into potential energy when the stri! 


moves from с + 


E 
@xtoz ®ytoz ©ztoy d)x toy 


[30] ЖА simple pendulum started a simple harmonic motion from the farthest position away 
| " from its equilibrium position at t = 0. If the periodic time of the pendulum is T, then 
| which of the following graphs represents the relation between the kinetic energy (KE) 


| of the pendulum bob and the time (t)? 


| KE KE 
a f. 
oO 
qpr ie e ATA. 
á 424 4 db 
a 
: © © © 


b Æ Three identical bodies make simple harmonic motions 

** the opposite graph represents the relation between the | 
displacement (d) and the time (0 for each of them, so th 

j arrangement of these bodies according to the a 

| kinetic energy of the body ig -......... 

| @1>2>3 (b)2>3>1 

| ©1>3>2 (12223 


Questions on Chapter 1 


ата ауто 


Explain your answer, 


Ө. Describe cach of the transformations of potential and 
Kinetic energies for the swing shown in the opposite 
figure through a complete oscillation starting from 
the equilibrium position. 


Ө The opposite graph represents the relation between the frequency (Hz) 
e 


(v) of an oscillatory motion and the reciprocal of its periodic time 
(4) when the two coordinates are drawn with the same scale, 


what is the value of angle 0? 


The opposite figure shows the motion of a vibrating string: 

(a) At which point is the speed of the string maximum? 

(b) At which point is the elastic potential energy of the string 
maximum? 

(c) Find the ratio between the taken time of the string motion 
from b to c and the taken time of its motion from b to a, 


G The opposite figure represents two attempts to move the bob in a 
» simple harmonic motion, in the first attempt when it is displaced 
for a distance d, and then left to vibrate and 
when it is displaced for a distance d, and then ieft to vibrate. What 
happens to each of the amplitude, the maximum potential energy 
and the mechanical energy of the pendulum bob in the second 
attempt compared to the first attempt? 


Ө, А body suspended by а string is pushed to the right 


d (cm 
** to swing left and right about its original equilibrium | у 
position, the opposite graph represents the relation 
between the displacement (d) starting from the moment 0 
of pushing the body and time (t) through 8 s, if we ^ TS 
consider that the direction of its motion to the right is -A 


the positive direction, then at which moment or moments 
during this period the body will be: 

(a) moving towards the right with a maximum speed? 
(b) moving towards the left with a maximum speed? 

(c) static instantaneously? 


СОЗ Г АУ ou сло уз ваја] | 41 


@ What happens to the periodic time of a vibrating object when its frequency gets tripled? 
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New/Types of questio ns 2 
о Understand OApply ө Higher Order Thinking Skills 


First : Choose two correct answers in each of the following : 


@ The opposite figure represents a load attached to one of 


* the terminals of a spring undergoing a simple harmonic = ИЩ 
motion between the two points A, D, so which of "B о = 
: Ре р: А || 
the following quantities have its minimum value when Бойон) о p 
the load passes at point O? surface 


(8) The elastic potential energy of the load. 
(b) The displacement of the load away from its equilibrium position, 
(© The speed of the load. 

(d) The mechanical energy of the load. 

(€) The kinetic energy of the load. 


[2] The opposite figure represents two cases in which a body 

* undergoes simple harmonic motions, the first is when the и] 
body gets displaced for a distance d then left to vibrate and 

the second is when the body gets displaced for a distance n 

2 d then left to vibrate, what happens to each of the 

following in the second case compared to the first . 

(8) The amplitude gets doubled. 

(b) The amplitude gets quadrupled. 

© The speed of the body at its original position 
becomes greater. 

(d) The speed of the body at its original position remains unc! 

(€) The mechanical energy of the body has the same value. 


Second : Put in front of each of the f 


ollowing sentences the suitable number of the curve 
shown in the graph: 


* Theopposite figure represents a load attached to one of 
the terminals of a Spring undergoing a simple harmonic 


Н ПР: 
motion betwei i i Smam а. д. В 
en the two points A, B and the opposite онал А 
graph represents the relation between some physical 
quantities for that body on y 


-axis and time (t) on x-axis, 
so the curve that represents: 


(a) The kinetic energy of the load is .......... . 

(b) The displacement of the load away from 
the equilibrium Position is .. 

(c) The Velocity of the load is 


‘Lesson Two 


happens when a stone eS ee 
What is dropped in a still lake Е Э 5 > 


© When а stone is dropped into water (as in the figure): Water waves 


* The collision of the stone with water becomes a source of disturbance. 
e This disturbance propagates on the surface of water in the shape of uniform concentric 
circles, whose center is the position at which the stone falls. 
* These circles transfer слогру іп the same direction of their propagat: 
* These circles are called water waves and their propagation represen: 
© From the previous, we can define the wave as follows: 


The wave : ke 2677 Direction of wavs 
It is a disturbance that propagates and transfers 


energy in the direction of propagation. 


* When a wave propagates in a medium, the particles of the 
medium vibrate about their equilibrium positions without 
moving away from their equilibrium positions, this AA ON fe 
becomes clear when placing a piece of cork on the surface | 
of water and causing a disturbance in the water, we find 
that the piece of cork moves up and down without moving 
from its position but the waves propagate in the water and 
thus energy is transmitted. 


Dugg 
d 


e Many forms of waves exist around us, some waves can be seen such as water waves, ~ 
other waves cannot be seen but we can detect them such as radio and X-ray waves, 


| 
| 


First Second. 
* Waves can be classified ; 


as the following: Н | Mechanical waves | Electromagnetic waves 


| First | Mechanicaliwaves 


> Source: Mechanical waves are produced due to the vibration of a body in a medium, so 
the vibration (disturbance) propagates from the body through the medium. 
> Propagation: They need a medium through which they can propagate. 


> Examples : 


Water waves Sound waves Waves that propagate in 


strings during their vibrations 
| Conditions/of/obtaining mechanical waves 


The existence of a vibrating source: The occurrence of a disturbance that 
@ Like : • Dropping a pebble in still water. @ transfers from the source to the medium: 
* A vibrating string. Like the formed disturbances when the arms 
| * A vibrating pendulum. of a tuning fork gets vibrating. 
\ * The vibrating arms of a tuning fork. ] 


A < 


p The existence of a medium to transmit the disturbance: | A 
Mechanical waves (like sound waves) need a medium through which they can | 

travel because the particles of the medium vibrate about their equilibrium positions 
without moving away from their positions to transfer the mechanical energy of the 
wave, so they can not propagate in space. 


—е 
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Note: oo 


* Since sound is a mechanical wave, it cannot propagate in 
empty space, so: 


- The sounds of cosmic explosions that happen in the outer space 
| cannot be heard. 


- Astronauts use wireless devices to communicate in space. 


| Types ofimechanicallwaves 

— —— — P — , 

( Transverse waves ( Longitudinal waves ) 
1] Transverse waves 


To describe the nature of transverse waves, we carry out the following experiment: 


Experiments 


Steps and observations: 


1. Bring a long rope usi x its end to a vertical wall. wt 
2. Hold the other end of the rope with your hand. i 
3. Move the end of the rope with your hand up and 
return it to the original position once. 
Observation: A pulse wave is generated through the rope (figure (1 ) 
A pulse: ·--- - > LEE 
Itis a single disturbance in the form of a half wave. 


Explanation: 


- Energy gets transferred from the source to its — eS 


adjacent part in the rope, hence this part moves | 
upward. | 
- The tension force in the rope brings this part REEL LL 

downwards, hence the energy gets transferred to 
next adjacent part, so this part moves upward and N 
At 


so on. | eee 


- The parts of the rope vibrate up and down 


successively E | nt | 
" T МАМА ЧАКА МАМА ЛАА МАУ 


| 
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z 
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4. Continue in moving the end of the rope up and 


down with a constant rate. 


Hand | E E 

Observation: The end of the rope moves Motion | 7 ~ 

inasi ic aa у 
upwards and downwards in a simple harmon Figure (2) d 
motion that transfers along the rope as 
continuous wave pulses (transverse wave 
train) (figure (2)). 

(Conclusion: 
A transverse wave : 
irecti i f the wave A | à я 
(1) The direction of propagation o! Itisa wave ih which the directions 
through the rope is: of medium particles vibrations 
= The direction of energy propagation. about their equilibrium positions 
- Perpendicular to the direction of motion are perpendicular to the direction of 
(vibration) of the medium particles (the rope) ^ wave propagation. 


about their equilibrium positions. 


(2) The transverse wave consists of crests and troughs as shown in the following 


The position that represents 

the maximum displacement of the 
medium particles in the positive 
direction (positive pulse). 


figure: 


The position that represents the 

maximum displacement of the 

medium particles in the negative 
\ direction (negative pulsc). 


Displacement of 
| medium particle 
| (9 


а Wavelength 
Crest 


Ф Crest 


Distance covered 
by the wave 


(x) 


Direction of 
particles vibration 


Trough Trough 


Wavelength — 
Direction of wave propagation Qi 
—— En 


(C The distance between two Successive crests or two 
successive troughs or any two successive points along 
the direction of Propagation that are in the same phase 
is called the wavelength of the transverse wave (A). 


Notice that: 


Examples of transverse waves : 


Battle rope waves Water surface waves 


~ Graphical representation of transverse waves -—— 


* The motion of the particles of the medium in which the transverse wave propagates 
can be represented through the graphs of : 


ге The displacement of the particles of an The s displacement ol of one „ов the 


the medium (d) versus the horizontal medium particles (d) versus time (t). 


distance (x) covered by the wave at 
а certain instant. 


| 
We get a sine curve 


FAMEM У 


( The two points b,c ( The two points e,k \ 


have the same phase 


have the same phase 


From the two graphs, we find 


_ x (Total distance) | [у = N (Number of waves) _ 1 
| (N (Number of waves) | | t (Time in seconds) Т | 
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* From the previous, we can define е wave amplitude (A) as follows: 


The wave amplitude (A) : 
Itis the maximum displacement of the vibrating medium particles away from their 
equilibrium positions. 
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p 
= 
5 = 


Но" 


Notes : Е 


ац 


(1) Transverse waves can be obtained by using a load held to a ver" ing that can 
vibrate up and down about its equilibrium position. The load is aitached to a horizontal 
rope whose other end is fixed to a vertical wall, as the following figure: 


* Direction of wave 

5 3 

wes propagation Wall 
$58 ———— 7 

gc 

ge 

5 Е 

а 


In such case, the frequency of the transverse wave that propagates in the rope equals 
the frequency of the oscillatory motion of the load that is suspended to the spring. 


(2) The amplitude of a transverse wave propagating in a stretched string depends on 
the work done by the vibrating source (the hand or a vibrating load) and that work 
gets transferred through the particles of the string in the form of: 

- Potential energy as a tension in the rope. 
- Kinetic energy as a vibration in the rope. 


(3) The amplitude of the wave doesn’t depend on any of the frequency or the wavelength 
of the wave. 


: 


4 


Enrichment information 


* Travelling waves and standing waves can be distinguished from each other as follows: 


- ————Á — Standing Е 
The wave that propagates in one 
direction continuously moving away 
from its source. 


The wave that results from the overlap 

of waves that get reflected repetitively between 
two points. 

— 


d(cm) 
The opposite graph represents a transverse 
wave, calculate: 


(a) The amplitude. 
(b) The frequency. 
(c) The periodic time. 
(d) The wavelength. 
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~ eee = а о 
" c 
Solution 5 
(а) А 25 ст (b) > .N.225. 0.5 Hz = 
t 5 
ce) T=2s ђе e =4en 
0 WSN 95 


| you аге asked to determine the time interval between the passing of the second 


| What} 


| crest and the tenth crest by a definite point in the direction of wave propagation, 
' what is your answer? 


d(m) 
The opposite graph represents the relation between the 


displacement (d) of the medium particles in which a 

transverse wave is travelling at a certain instant and the 

distance (x) travelled by the wave, if the distance between 

the first trough and the seventh crest is 5.5 em, the 

wavelength of the wave equals се а 

(а) 5.5 cm (b)5cm (с) Lem (d) 0.5 cm 


Solution 


x (cm) 


х =5.5 ст | [А=? | 
The number of waves between the first trough and the seventh crest: 
= l- —— 
N2Q-D-3-55 X N75. 1 ст 
2. The correct choice is (c). 


The opposite graph represents the relation between the 
displacement (d) of the medium particles and the distance 
(x) travelled by two transverse waves @, ©, so the ratio 


А 
between their wavelengths (s) equals + 


Ъ 


wl 


on 6+ 91 @ 
Solution 


Q Clue 


From the graph, we find that when the two waves cover the same horizontal distance, 
wave (d) makes 1.5 complete waves and wave (5) makes 0.5 complete wave. 


QU Oves ev (ete LES) OW aus зај | 49 


Ati 


2 


-+ The correct choice is (d). 
What you are asked to determine the ratio between the amplitudes of the two Waves 


G3. what is your answer? 


if Ay 


ç Test yourself. = & 


! (1 3i The opposite graph represents a transverse wave, (т) 


calculate: 
| (a) The periodic time. 
| (b) The frequency. 
(c) The wavelength. 


B Choose the correct answer : 
| The opposite graph represents the relation 

| between the displacement (d) and the time (t) 
for a transverse wave, then: 


(i) The wavelength for this wave is ............... . 

i @2c © i b 

| ©2e @2a 

| (ii) The amplitude of this wave is ............... : 

| ӨГ (De © i a (d) 

(iii) Increasing the wavelength to the double leads to ............... , 

(&) increasing distance c to four times its original value 
(5) increasing distance а to the double 

| (© decreasing distance b to its half 

@ unchanging distance e 


| oe --————— 
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E Longitudinal waves ) 


To describe the nature of longitudinal waves, we carry 


ITA 


ment 
Steps and observations: 

1. Put a load (m) on a smooth horizontal plane and 
attach the load between two springs, one of them 
is longer than the other and each of them is 
attached to a wall (figure 1). 

2. Pull the load to a distance x to the right side. 

3. A part of the spring which is adjacent to the 
load gets compressed at the right side forming 
a pulse of a compression (figure 2). 

4. Leave the load free, so the load returns to its 


equilibrium position by the effect of the force 


generated in the spring at the left of the load, while 


the pulse of compression travels through the spring 


to the right of the load (figure 3). 


5. The load exceeds the equilibrium position, moving 


to the left, creating a rarefaction in the spring 


towards the right (figure 4). 
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out the following experiment: 


|| 
1 

| ; 

| Compression 
IJ 


— 
yn aufm rr 


g 
3 


| Rarefaction П 


omm | 


= 


1 
| 
! Rarefaction Comp. | 
і | | 


ИА T 


6. The motion of the load gets repeated to the right and the rarefaction pulse travels to 


the right (figure 5). 


(Conclusion: 


(1) During the vibration of the load, a wave propagates in the spring where the direction of 


vibration of the medium particles is along the same line of the wave propagation, such 


wave is called longitudinal wave. 


[9 


2) The longitudinal wave consists of a group of compressions and raref actions Which 
transfer along the spring as shown in the following figure: 


The region where the particles of the The region where the particles Of the 
| medium become close to each ater. ] { sem become far from each other, 
ssi Compression Rarefaction 
Compression ompi | 
Direction 
| 
| Wavelength | | Wavelength | 


Ф [S 
q — 
Direction of vibration of 
medium particles. 


(The distance between the centers of two successive compressions У 
two successive rarefactions or any two successive points along 


the direction of propagation that are in the same phase is called 
the wavelength of the longitudinal wave. 


» Examples of longitudinal waves : - Sound waves in gases. — - Waves inside water. 


— —— Graphical representation of longitudinal waves *—— 

> When we plot the relation between the displacement of Comp. Rare. 
the medium particles and the distance travelled by the il | | | | ill | | | | wwii 
Wave at a certain instant or between the displacement | | 
and the time for the motion of the medium particles in ! 
which the longitudinal wave propagates, we get a sine 
wave curve as shown in the opposite figure, hence all 


the concepts and the laws of the transverse wave are 
applicable to this curve. 


Notes НЕ 


(1) We can get transvers 


Distance 
or time 


NET Р ing coil: 
€ and longitudinal waves using a long spring 


T. 

ing coil depending 
A transverse wave or a longitudinal wave can be produced in a long spring n particles 
on the direction of the vibration of the wave source (a vibrating body) where PF: o: 
of the medium vib 


1. 
-ing a spring C? 
rate in the same way as the vibrating source, when c P 
horizontally from one of its ends while moving the other end of the сої: 
52 


— | 


Chapter 1 


Up and down : Back and forth 


The formed wave will be 


n "Ivansvers Longitudinal 
| 
"V Sl — Н a 
| 5 ; c 
Ц i 
| NE н 


(2) The pulse can be defined as a single disturbance forming a single half wave such 


| 
| аѕа single crest, а single trough, a single compression or a single rarefaction. 
| 


Crest pulse 


Compression pulse 


ЛЛАХУ 


Thi 


= 
у á G Trough pulse j 


> From the previous, we can compare between the two types of mechanical waves 
(transverse and longitudinal) as follows: 


Longitudinal wave N 


Rarefaction | 


/ Transverse wave 


Crest у Crest 


ы il ii 
MI wi aba 
Trough A Trough =X” Compression 
Direction of Perpendicular to the direction Along the line of wave 
vibration of of wave propagation. propagation. 


medium particles 


The distance between two The distance between the centers 

successive crests or two of two successive compressions 
Wavelength successive troughs. | or the centers of two successive 
rarefactions. 


• Sound waves in gases. 
• Waves inside water. 


• Propagating waves in strings, 
Examples e Waves on water surface. 
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Wave direction 


The opposite figure represents a longitudinal wave. 
If the distance between the two points a and b is 1.7 m 


| | | 
and the time taken by the wave to travel from c to d is | ULT 11 ПШ 
0.015 s, calculate: F li 


(a) The wavelength of the longitudinal wave. 


(b) The frequency of the wave. 


Solution 


хе то | а = 0.0155 A == 


|What you are asked to calculate the distance between the two points a, d and the time 
if taken by the longitudinal wave to travel between them, what will be your answer? 


@ Test yourself. — EE. 


| Е The opposite figures show two tuning forks = СОКА: А 
attached to two springs. 
What is the type of wave that will be 


produced in each case when the forks vibrate? 


ii) 


a Choose the correct answer : 


Direction of wave propagation 

The opposite figure represents a longitudinal = а | 
wave, then the ratio between ће two || MO 

r X. "ai - 
distances 7399 jg — ^ o: c a ё 

| i Xde a b 
ea 2, 
ој @2 S di 
|. = 


ee 


08] 
НЕА] 
| Second || Electromagnetic waves es 


© Concept: 
Electromagnetic waves 
They are waves that originate from the vibration of 
electric and magnetic fields with the same frequency 
where both fields are in the same phase perpendicular 
to each other and to the direction of their propagation. 


© Propagation: They travel either in physical media 


or in empty space where their speed in space reaches 
its maximum constant value that equals 3 x 108 m/s. 


© Types: Transverse waves only. 
© Electromagnetic spectrum: 
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Direction 
ol 
propagation 


x 
Magnetic field 


Meet increases 


Microwaves 


Visible light 
2 From the previous, we can compare between mechanical and electromagnetic waves 


400 nm 


as follows: 


Waves originated from the 
vibration of medium particles either 


f . Mechanical waves 7 \ Electromagnetic waves \ 


700 пт 


Waves originated from the vibration 
f electric and magnetic fields 


Concept perpendicular to the direction of erpendicular to each other and to 
wave propagation or along the line | the direction of the wave 
of the wave propagation. propagation. 
They require a medium through | They don’t require a medium 
Propagation which they can propagate. | to propagate, so they can travel 
| through empty space. 
S. i 
Types Transverse and longitudinal waves | Transverse waves only 
ig e Water waves. • Sound waves. | » Radio waves. • Light waves. 
C Examples |, Propagating waves in strings. гж X-ray waves. 


[55 


|? Deducing the speed of propagation of the Waves 
* If a wave has travelled a distance x Wave sp 
through a time interval t, the speed of the It is the distance travelled by the 
5 TN Wave | 
wave (v) is calculated from the relation: one second in the directi k 
wa rection of propagation, 
t 
So, if the distance equals its wavelength Displacement 


(A). then the wave takes a time equal to 
its periodic time (T). 


À 
GxeA,te “У 
х T T 
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This relation is applicable to all types of waves (mechanical or electromagnetic). 


The factors that affect | the speedlofawavelinia medium 


(1) The type of wave (mechanical or electromagnetic). 

(2) Type of the medium material (solid, liquid, gas). 

(3) The physical properties of the medium material (such as the density, elasticity, temperatur) 
and it does not depend on the frequency of the wave, its wavelength or its amplitude. 


Note $ 


a When applying the relation of v = Aw on: 
| pa 


ling from ‘one medium | 
to another — 
ant, 


IK propagating in the same medium , 


| The speed of the two waves will be the | The frequency of the wave remains const 
| same because the wave speed depends because the wave frequency depends on 
only on the medium type. the source frequency. 
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^ and 9, are the wavelength and the frequency | А, and v, are the wavelength | 
1 ! wavelens | 


|| of the first wave, A, and v, are the wavelength | the first medium, A, and Уз 9? the 
| and the frequency of the second wave. and the speed in the second ae un 
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Solution 
= = E =24 ст 
v-N. 13 = 1950 Hz 
t 12x10 


у = А) =24 x 10? х 1250 = 300 m/s 
-. The correct choice is (9). 


you аге asked to determine whether the ratio between the speed of wave 
propagation and the average speed of the vibration of one of the medium particles 


is greater than one, equal to one or less than one? What will be your answer? 


A sound wave of wavelength À propagates in air with a speed of 330 mls, if it has 
travelled to another medium in which its speed is 990 mls, then its wavelength 
increases by ............. 


(2), (21 ($)3X (дах 


Solution 


| EN] 
| У; An 
| 330 A 
| 990 A+AA 
| 3XA-2X-AX 
| AX-2X 
7. The correct choice is Ф). 


you are asked to determine if the frequency of the sound wave changes ог тој 
When it travels to the second medium. What will be your answer? 


Two tones, whose frequencies are 340 Hz and 212 И AL 


of one of them is longer than the other by 60 em, then the speed ој sound in air 
equals ............. Е 


(a) 337 9 m/s (b) 430 m/s (©) 342.1 m/s (d) 343.2 m/s 
Solution 


Q, Clue 
When two waves have the same speed, their wavelengths and frequencies are 
inversely proportional, so the longer wavelength belongs to the smaller. frequency. 
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3401221224 +1272 , y= tm 


sjeni = 159 # 340 = 
му во = 458 x 340 = 337.9 m/s 


2. The correct choice is (a). 


The opposite graph represents the relation between the AX 

wavelength (A) for two waves (x, у) propagating in different x 
media and the speed (v) of these two waves in each of these 

media, so which of the following relations is correct? y 


(3)T, «T, (ODEA 
©T,>T, @», =, " 


Solution 


% (slope), > (slope), 
E Vy 29... 7 T, 
2. The correct choice is ©. 


What} you know that one of the two waves (x, y) is a red light wave and the other is a blue 
if light wave, so which of them is the red light wave and which is the blue light wave? 
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@ Test yourself. " > NE % 


| Choose the correct answer: 


(0) sie If a sound wave has travelled from one medium to another so that the 
its wavelengths (x in the two media equals E , then the ratio between 
2 
А “fy 
sound in the two media (55) equals «s . 
2 


ој об on ој 


ratio between 


the speeds of 


g Ж If the ratio between the frequency of a man's sound and that of a girl's sound 
is 3 , then the ratio between the speeds of the sounds of the man and the girl in air 
equals .............. . 


G x (ES ©+ @ £% 


8) A vibrating string produces a sound wave of frequency v, wavelength À and speed v, 


ifthe frequency of this string is increased, what will happen for each of the wave 


speed and the wavelength? 
The wave speed The wavelength of the wave 
(a) Increases Increases 
(6) Increases Decreases 
© Doesn’t change Increases 
@ Doesn’t change Decreases 


E Which of the following graphs represents the relation between the speed (У) of 
multiple sound waves propagating in air and the wavelength (A) of these waves? 
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Questions 
Lesson Ti 


The questions signed by Ў are answere 


@ Waves transfer == in the direction of their propagation- 
> а 
(а) matter (b) particles (© energy (d) water 


Ө Æ Two waves interfere on the surface of water as 
“shown in the opposite figure, which two points in 
the figure represent the sources of these waves? 
@P,s (TR 
©QT @оо 


Ө, The opposite figure shows a wave propagating on the 
^ surface of a still lake, so this wave propagates in ---------- : 
@ one direction with an increasing speed 
(b) two opposite directions with two different speeds 
(c) all directions with the same speed 
(d) all directions with increasing speed 


[4] A load is suspended to а piece of cork that floats on the Piece of cork 
1 P и ҳу Water surface 
surface of the water as shown in the figure, when a wave х BELL iaa 
passes on the surface of water in the direction from x to 
у, in which direction does the piece of cork move? 


(a) Right and left. (b) Up and down. Load 
(c)From x to y. (d) From y to x. 


[5] A train of waves passes on (ће water surface 
^ of a lake as shown in the opposite figure. 
What will be the level at which the surface 
of water settles after the waves finish 


passing? 
(А (b)B (oc @D 
[6] In the opposite wave, which of the points a, b, c, d a b сума 
^ have the same phase? 
@a,b,c (b)a,b (c)b.c @b,d 


- 
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@ 3K The opposite figure represents the relation between the 
© vertical displacement (d) of one of the medium particles and 
the time (t) for a transverse wave of frequency that equals 
50 Hz, then the time interval taken by the medium particle 
to move between the two points a and b is 


2 ET 
OD (b) 5 8 
a. ae 
© 50 (Ds 
Ө The opposite figure represents a transverse wave, so : 


^ (0 The amplitude of this wave is 


@2cm (53 ст 

(2)4 cm (à) 6 cm 

(ii) The frequency of this wave is ............. . 
(2) 100 Hz (b) 125 Hz 

(c) 250 Hz (d) 500 Hz 


О Æ If the time interval between the pass of the first crest and the tenth crest by a point in 
9 the path of a wave motion is 0.2 s, then the frequency is 


@ 45 Hz (b) 50 Hz ©55 Hz @ 60 Hz 


(10) A girl dropped a stone in water pond and watched the formed waves. She found that 


18 waves had collided with the edge during 10 s. If the distance between every two 
successive crests was 12 cm, so 


decken m— 


The wavelength (cm) | The frequency (iz) 
© 24 18 
(b) 24 0.6 
© 12 18 
@ 12 0.6 J 
@ Æ The opposite two figures represent two water waves RECTUS ла | 
? Pand Q propagating on the surface of a lake for a distance x Н Mu 
| with the same speed, which of these two waves has ^ | 


| the largest amplitude and which has the highest frequency? o N /N ХА 
| F 62 
| 


| The wave of the largest | The wave of the highest | 


o amplitude frequency 

Qi o P JUNE 
ДО) R Q 

©) Q P 

(d) Q Q J 


Æ The opposite graph represents the relation 


between the displacement (d) of the particles 
of a medium in which a transverse wave 
propagates with frequency v, amplitude A and 
the distance (x) travelled by the wave, if : 


(i) The frequency of the wave is doubled at constant 


amplitude, then distance -+ E 


(а) a increases to the double (b) b increases to the double 


(2) c decreases to its half (d) e decreases to its half 


(ii) The amplitude of the wave is doubled at constant frequency, then distance ----.--.-. . 


(а) a decreases to its half (b) b decreases to its half 
(с) с increases to the double (d) e increases to the double 
d 


[13] А transverse wave propagates in a горе where 
I the opposite graph of displacement (d) versus 
time (t) represents the motion of one of the rope 
particles, so what is the time required for this 
particle to return back to the same phase? 
(b T 


fa) 1. 
PE 
f «iT 
CT 05 


& Ж If the wavelength of a transverse wave is À, then the dist 
* 


and the crest of order n equals > è 
(p) (n + А (c)(n— А (n= 433 


ance between the first crest 


ajni 


63 
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(15) In the opposite wave, if the distance between the first crest fA 


9 and the fifth trough is 140 cm, then the wavelength for this 


| 
wave equals «7 Я 


«10 ст (b) 20 cm 
40 em (@)70 cm 


The opposite figure shows a transverse wave 


/ 


propagating in a rope from left to right where in the E 
shown instant the displacement at point P equals zero, icc 

so in which direction the point P moves at this instant? Direction of wave propagation 
(8) Rightward. (b) Leftward. 

(су Upward. (8) Downward. 


(9 The following figures show four sources of waves, which of them causes the presence of 


longitudinal waves in its surrounding medium ? 


v £F 0 


Light bulb Horn speaker TV remote control 


Water waves 


© (©) © (à) 


[157 The opposite figure represents a model of sound 
7 


o o o0 ос ооа 

| wave propagating through air inside a tube opened MET LACER NERO 
Oo o 

\ from both ends, how to describe region Q? à Air molecule 


| (а) A region of high density which is called compression. 
j (b) region of low density which is called compression. 
(c) A region of high density which is called rarefaction. 


(d) A region of low density which is called rarefaction. 


. и als 
[19] If the distance between two successive points having the same phase for a wave ья 
50 cm, then the wavelength of this wave equals 


| (@)0.125 m (b) 0.25 m (005 т (g)!m 


Juestions on Chapter 1 


sh of the fol У 
D Which of the foll E Ys the propagation of a longitudinal wave? 
ә 


Direction ef particles 


vibration 
Direction of wave propagation 
Fr 
Direction of wave Direction of particles 
Propagation vibration 
С d 
e In the opposite figure, a longitudinal wave propagates ТАРА 1 ОКА А 
. 
in a spring. then the wavelength of this wave is the 
. x P Q Y 
distance ............. 5 
PQ b 2PQ Xt d, XY 


[22] When the frequency of a wave gets doubled, the periodic time of the wave gets ............. У 


а halved 5 doubled (c) quadrupled d unchanged 
(23) The opposite graph represents the relation d 
between the displacement (d) of the particles b 


of a medium in which two sound waves a 
propagate and the distance (x) travelled by the 
two waves so : 


(i) The ratio between the frequencies of the two 


v. 
waves (9) iei я 

ay + bi 2 

а, ў 

md d 

c y d.d 

: А. 
(ii) The ratio between the amplitudes of the two waves (x^) li some $ 
b 

Vj 1 4 
ORI h T € 3 d 
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e The opposite graph represents the displacements of nies 
J uis 
< two air molecules (1) and (2) that are separated by a tule 


distance of 10 cm along the direction of propagation 
of a sound wave versus time, so the wavelength of 


this wave could be equal to +++: О 


(2)5 ст (b) 10 cm == 
| Molecul 
©20cm @40 cm 010 
[25] Sound travels in air as ............. i 
r (@) longitudinal waves (b) transverse waves 
© longitudinal and transverse waves (d) electromagnetic waves 


[20] The opposite figure represents a wave propagating 
^ ina rope, then this wave is === G 
(а) a longitudinal wave of wavelength x 


(b) a longitudinal wave of wavelength y 


(c)a transverse wave of wavelength x 
@ a transverse wave of wavelength y 


& What is the characteristic that describes only the longitudinal waves and do not describe 


^ thetransverse waves? 
(а) They can be travelling waves. 
(b) They require a medium in order to propagate. 
(c) They transfer energy in the direction of their propagation. 
(d) Their speed of propagation differs from medium to another. 
[257 The opposite graph represents the relation d (cm) 


^ between the displacement (d) of one of the 
medium particles and the time (t), then the 
| wave represented by the graph ... 
(а) could be transverse or longitudinal of 
amplitude 2 cm 
(b) is certainly not longitudinal and its 
amplitude is 2 cm 


P (2) could be transverse or longitudinal of amplitude 4 cm 


(d)is certainly not transverse and its amplitude is 4 cm 


Questions on Chapter 1 


Lesson Two 


[29] Ў Graph (2) represents the position of d 


a travelling wave in a string alter 0425s | 


from its position that is represented in 


graph (1), then the frequeney of the wave 
equals -+ 
(a^ 7.5 Hz 
МТО Hz 
Јо Hz 
«30 Hz 


a 
= 
Qa 
E 
о 


30) Which of the following statements is correct for all transverse waves? 
~ A 
,i They are electromagnetic waves. 
D` Their speed in a medium equals the product of their frequency and wavelength. 
© They can propagate through space. 
d 


They cause vibrations of the medium atoms through which they propagate. 


(31) А wave propagates іп a string and the opposite graph гергеѕепіѕ 4 


the relation between the displacement (d) of one of the string 
particles about its equilibrium position and the time (t), which of 
the following graphs represents the relation between the kinetic 


energy (KE) of this particle and the time (t)? 


од M poan, „ МАЛА. 


z 
m 


KE 


a (d (e @ 
[32] When а pulse is made in a горе, the speed of the pulse along the rope ---------- : 
. ~ 
QÙ remains constant (b) decreases 
©) increases (d) increases then decreases 
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Æ A transverse wave propagates through a thin thread at speed 300 m/s. If the (istas, 


between two successive crests is 3 m, so the wave frequency equals ....... 


an 0.01 Hz (b) 100 Hz (c) 300 Hz 900 Hz 


e Ж A wave of frequency of 100 Hz is is generated | ina string, s so jit has а wavcle моћ of 
* 0.5m, then: 


(i) The wave speed through the string equals ............. Я 


(3:25 m/s (b) 50 m/s (c) 100 m/s «d; 200 m/s 
(ii) If the frequency increases to 300 Hz, the wavelength becomes ............. 
003m (b)0.17 m (c)3m (бт 


(35у А girl stood on the beach to watch the waves. She observed that every two seconds four 


** waves hit a rock in front of her where each wave has a length of 0.5 m, so the wave 
Speediis suss 5 
а)0.2 m/s (b) 0.25 m/s (c) 0.5 m/s (d) 1 m/s 
& If the frequency of a wave in a given medium decreases to its half, then ............. 
f (а) its wavelength increases to the double (b) its wavelength decreases to the half 
(©) its speed decreases to the half @ its speed increases to the double 


[37] The opposite graph represents the relation between d(cm) 
% the displacement of medium particles (d) and 

the propagation distance (x) of a transverse wave at 
a certain instant. If the frequency of this wave is 
80 Hz, its speed of propagation equals 
Га; 0.64 m/s (b) 0.32 m/s 
(с, 64 m/s (d)3.2 m/s 


B # The opposite graph represents the relation 
"* between the displacement of the medium 

particles (d) through which a wave propagates 

and the horizontal propagation distance (x) of 


this wave, if one of the medium particles takes 


time t to have a displacement of 4 cm away 
from its equilibrium position, then the wave 
moves through the time t a distance of 


а; 10 cm (0220 ст (с) 40 ст (4) 80 ст 
68 
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Questions on Chapter 1 


= 

[2] Æ The opposite graph represents the relation (cm) f 

between the vertical displacement of one of | 

the medium particles (d) and the time (1) for 

a wave, then: | 

(i) The amplitude of that wave is... : íi \ 02/7 04 067 -— " 

(а) 9 ст 0 17.5 cm E 

(€) 18 ст 0:35 ст PH 

(ii) The frequency of the wave is ........... 

1.7 Hz (5)2.5 Hz 

(c)3.3 Hz (d)5 Hz 

(iii) The wavelength of the wave is ............. . 

@ 0.05 cm (b) 17.5 ст (©) 20 cm (d) 35 cm 

(iv) The propagation speed of the wave is ............. Р 

@0.5 m/s (5) 0.6 m/s (2) 50 m/s (d) 60 m/s 


40) Which of the following graphs represents the relation between the wavelength (A) for 


Ц multiple sound waves propagating in air and the frequency (v) for each of these waves? 


(а) ® © d 


[41] 3€ А sound source produces tones with 
© different frequencies propagating in air, 
the opposite graph represents the relation 
between the frequency (V) and the reciprocal 
of wavelength б) for these waves, then the 


speed of the sound wave propagation through 


the medium almost equals ............. А 
(2) 2 m/s (b) 50 m/s 
(©) 254 m/s (d) 333 m/s 
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@ The opposite graph shows the relation between the speed (v) and yi 
4 the wavelength (À) for two different waves of the same type (A and " 


B) when they propagate through many different media, so +++ 


в 
@ > Uy (bo, « 9g L 


©T,=T, @T,>T, ai 


[43] ‘Two laser rays, one of them is red and the other is green, propagate in space, so the is 
* rays certainly have the same «+--+ : 
@ intensity (b) frequency © speed (d) wavelength 


D An electromagnetic wave of wavelength À and frequency v propagates in air with speed с, 
* во which of the following choices represents the wavelength and the speed of another 
electromagnetic wave that has frequency Н and propagates in air? 


The wavelength The speed 


| n 
© E 
A 
® 2 | é l 
© 2X EE EN | 
@ 2) 2c 
[457 Æ The human ear can hear frequencies between 20 Hz and 2 х 10^ Hz, then the shortest 
© and the longest wavelengths that can be heard by the human ear respectively are „++ . 


(Given that: The speed of sound in air 2 340 m/s) 
(8)0.06 m, 59 m (5) 6800 m, 6.8 x 10* m 
(c)0.017 т, 17 m (8) 0.005 m, 0.05 m 
@ 3K If the number of waves that pass by a certain point every 5 s is 50 waves and the 
© distance between the first and the fourth crests is 120 cm, then the speed of the wave 


propagation is ............. . 
(83 m/s (4 m/s (€)300 m/s (8) 400 ms 


[47] Æ The opposite figure represents a source vibrating with 
% a frequency of 4 Hz producing waves that propagate on 

Н the surface of water with a speed of 0.4 m/s as concentric 
circular ripples around the source, given that each circle 


Ба 


| 
i represents a crest, so the distance between the second and 
the fifth crest equals ----.----. . gsm 
| p 
(8)0.1 m (502m (203m @ 


Questions on Chapter 1 


® A small stone has fallen into a pond of still water, circular waves 
9 


Lesson Two 


are formed on the water surface as shown in the opposite figure 


where each circle represents a crest of a wave, if the speed of the 


water waves is v and its wavelength is A, then the time taken by 


the disturbance to move from point P to point Q equals ------ 


ae m 
~ 2v y 


Q Æ If the speed of water waves that pass by a certain point is 1.5 m/s and there are 30 waves 
pass by this point in 1 s, then the number of waves in a distance of 60 m equals ............ s 


(a) 3 waves (b) 40 waves (2) 400 waves 4) 1200 waves 


& Ж A transverse wave is propagating in different media and the following graphs 
represent the relation between the vertical displacement (d) of the medium particles at 
a certain moment and the propagation distance (x) of the wave with the same scale in 
these media. In which medium does the wave have the highest speed? 
d(m) d(m) 


® Æ The opposite figure shows a wave which 
** is travelling through medium x then it moves 
to another medium y, so the ratio between 
the speed of the wave in medium x to its 


Be 
speed in medium y (+) is... 
y 


or. 9 
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e If the terminal of a spring is being moved to make a transverse wave of wavelength 


30 cm and periodic time 0.1 s, then the terminal of the spring is being moved to Make 
a longitudinal wave of periodic time 0.2 s which has the same speed as the transverse 


wave, so the wavelength of the longitudinal wave equals ..........--- x 


(a 7.5 cm (b) I5 ст (c)30 cm d 60cm 


е Æ If the distance | between the second crest and the seventh crest in a transverse wave 


is 20 mand the time interval between the pass of the first crest and the fifth crest by 


a certain point in the path of the wave is 0.1 s, then: 


(i) The wavelength of the wave equals ... 


0.2 m (©) 0.25 m (с)4т (d)5m 
(ii) The speed of the wave propagation equals ............. i 
(2) 250 m/s (b) 160 m/s (c) 10 m/s (d) 0.1 m/s 


& У A stone was thrown into a lake, so 50 waves were formed after 5 seconds from the 
о 


collision of the stone with the water, when the radius of the outer circle was 2 т, then: 


(i) The wavelength of the wave is ............. = 


/а)0.04 m (©) 0.08 m © 25 т (d) 100m 
(ii) The frequency of the wave is ............. è 
(a)0.1 Hz (b) 10 Hz © 25 Hz (d) 250 Hz 
(iii) The speed of the wave propagation is .. 


(а)2.5 m/s (b) 2 m/s (c) 1 m/s (0) 0.4 m/s 


[55] Ж A train was at rest in a railway station when it blew a whistle of frequency 300 Hz. 
A man at distance 0.99 km from the train heard the sound 3 s later after being produced, 
then the wavelength of the sound equals ............. r 
fajli m (b)0.91 m (c)0.1I m («0.09 m 


Ф ЖА tuning z fork of frequency 200 Hz was struck and put at one of the openings 0! 
of length 8 m which was opened at both ends. If the beginning of the first wave reached 
the end of the tube when the sixth wave was about to enter the tube, the speed of sound in 


f a tube 


| BIEJS анара t 
| | @ 360 m/s (b) 340 m/s (c) 330 m/s @ 320 m/s 


Questions on Chapter 1 


Lesson Two 


[57] Ж А wave of frequency v, and wavelength À, propagates in a medium with speed У „ЈЕ 
е 
2 


this wave travels from this medium to another medium where its speed becomes $ 


s (HED esses š 


‹а\ the frequency V, remains constant and the wavelength becomes 


> > 


\b) the frequency V, remains constant and the wavelength becomes 


(c) the wavelength А. remains constant and the frequency becomes 


Wy nje оо којоо 


(d) the wavelength à remains constant and the frequency becomes 


© Ж Two sound waves a, b, whose frequencies are 512 Hz and 256 Hz respectively, 


" propagate in a certain medium; so: 
(i) The ratio between their speeds (55) 18: TEM 
©} ој ој OF 
(ii) The ratio between their wavelengths (55) ) m" å 
@2 ot ' ei @t 


& 3K A light ray falls on the separating surface between two transparent media. If the 


. У 
ratio between the speed of the light wave in ће two media is (-! = 2) then the ratio 
2 


v 
between the frequency of the light wave in the two media (=) equals ............. З 
2 


~ 1 2 A 
Ok; OF (91 


[60] A sound wave of frequency 512 Hz travels from air to water. If the speed of sound in air is 
340 m/s and in water is 1360 m/s, so the frequency of the wave in water equals +--+- 


(а) 128 Hz (b) 256 Hz (©) 512 Hz (d) 2048 Hz 


[61) Æ Electromagnetic waves were transmitted from a wireless transmission station towards a 
5 satellite with a speed of 3 x 108 m/s and after 0.03 s the station received the reflected waves 


from the satellite, hence the distance between the Earth and the satellite equals .... 


@4.5 x 106 m 
(59 x 100 та 
(2 x 109 m 
(d) 1x 1019 m 
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| [62] Æ In the opposite graph, curve A represents the 

| ® relation between the vertical displacement (d) of 
the medium particles and the horizontal distance 
(x) covered by the wave at a certain instant while 
curve B represents the same relation for the same 


wave after passing 2 s, then the speed of wave 


propagation equals +.. + 
tinta (b) 2.5 mis (€)5 m/s (d) 40 m/s 


® Æ The opposite graph represents the relation d(cm) 
* between the displacement (d) and the time (t) for 
à longitudinal wave propagating in a medium, then 
the ratio between the speed of the wave propagation бст 
and the average speed of the vibration of the medium 


particles is -----.-.. - 
4 3 
3 OF, 
2 xL 
©1 93 


©, Æ The opposite graph shows the relation between 
Р the frequency (v) and the wavelength (A) for the 
waves produced from several tuning forks that 
vibrate in air, so the value of X іѕ............. 
(3)0.8 m (512m 
(6) 1.6m (d)2m 


[657 Ж The vertical distance between a crest and the consecutive trough in a transverse wave 
D 
equals the horizontal distance between them. If the speed of the wave is 3.2 m/s and its 


& 
frequency is 16 Hz, so its amplitude equals ............. . 


(8)0.5m (502m (901m @0.05 m 


o Æ Two tones have frequencies 680 Hz and 425 Hz in air. If the wavelength of one of 


* them is greater than the wavelength of the other wave by 30 cm, then the speed of sound 
in air equals ............. А 


(8) 320 m/s (b) 330 m/s (c) 340 m/s (d) 544 m/s 


74 


Questions on Chapter 1 


@ Ф A stationary ship А sends two sound signals to another stationary ship B, one signal 
* through air and other through w 


Lesson Two 


ater. If the signal that is transmitted in air reaches ship В 


after that transmitted in water by 6 s, then the distance between the two ships is 


(Given that: The speed of sound in air is 340 m/s and ris 1480 m/s) 
43.8 x 10-4 km | 


in wa 


2.65 km 1658.9 km 264 


e E A boy heard the lunes 18 74998 5 pou seeing the lightning produced in a 


^ thunderstorm that was at a distance 6 km a away, so the speed of sound in air was 
(Given that : The speed of light in air = 3 x 108 m/s) 


(1) 360 m/s (©) 340 m/s (c) 330 m/s (d) 320 m/s 
5 с) 


® Æ The Opposite graph represents a wave travelling through 


a medium with a speed v. If the wave has moved to another 


d(cm) 


medium where its speed becomes 2 v, so the graph which 
represents the wave in the second medium will be ............. 5 


d(cm) d(cm) 
4 4 


lem 


0 5 t(s) 


© Ж If the distance between the centers of a compression and its successive rarefaction 
9 in the path of a longitudinal wave is 0.15 m and the time taken by them to pass by 


xod р | 
a certain point in the path of the wave is 155 5 then the speed of wave propagation 


equals -----.---. • 
(8)22.5 m/s (b) 45 m/s (€)90 m/s @ 100 m/s 
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a 


@ The opposite figure shows a pulse moving "S 
ОДА 


ГА 
= 5H @Uniderstand | _OApphy e Higher Order Thinking Skills 
5 - < 


^ through a spring. 


Study the figure and answer the following questions: 
(a) What is the type of the produced mechanical wave in the spring? 
(b) What is the direction of motion of the medium particles with respect to 


the direction of wave propagation? 


@ In arainy day, a boy noticed that he saw the lightning before hearing the thunder, 


^ explain this observation. 


Ө Two glass jars contain two alarm clocks. 
^ Tf one of them contains air and the other 
is evacuated from air, which of the two 
alarms can be heard? And why? 


Explain the following statements: 
(1) Electromagnetic waves don’t need a medium through which they can propagate. 
(2) We see the light of the Sun and don’t hear the sound of the explosions on its surface. 


(3) Astronauts use wireless devices to communicate on Moon. 


Ө If a rope is fixed to the wall and its other 

* terminal is being moved up and down so that 
a wave is produced in the rope as shown in the 
figure, so if you move your hand faster without 
changing the vertical displacement of your 
hand's motion or the tension force in the rope, 
what happens for each of the following : 
(a) The amplitude? (b) The wavelength? (c) The frequency? 


(d) The periodic time? (e) The wave speed? 


Q The opposite figure shows the sound waves 
^ which are produced by a man and a girl : 
(a) Which of the two sound waves is travelling 
faster? And why? 
(b) Which of the sound waves has higher 
frequency? And why? 


ХИТИ 
— 7 


@ The opposite graph represents the relation between 
* the vertical displacement (d) and the propagation 
distance (x) for three waves (1,2 and 3) where 
each one of them propagates separately in a light 
string stretched by a fixed tension force, Rank 
these waves in a descending order according to: 
(a) Wavelength. 


(b) Frequency. 


d(em) 


Questions on Chapter 1 


Lesson Two 


[37 The opposite graph shows the relation between 


a wave motion which is formed in a rope: 


(a) What is the type of the formed wave 


in the rope? 


(b) Caleulate the frequency of the wave. aby 


the vertical displacement (d) and the time (t) of 2l 


d(m) 


(c) Draw using the same scale the relation о 


between the displacement (d) and the time (t) 
for a wave that has double the frequency 
and half the amplitude of this wave. 


[27 A mechanical wave of 


" d(m) 
wavelength 1 m and amplitude 


0.2 m propagates in air for 

a distance 5 m , draw a graph 
representing the relation 
between the displacement (d) of 
the air particles and the distance 


(x) which the wave travels. 


x(m) 


[7 


= = a 


— 
o Understand O/pply Higher Order Thinking Skills 


First : Choose two correct answers in each of the following : 


@ The opposite graph represents the relation between id 


о a : 
displacement (d) and time (t) for a transverse wave 
motion, which of the following choices characterize 
this wave motion? 


(a) Its frequency is 50 Hz and its speed of 
propagation is 6 m/s. 


(b) Its frequency is 37.5 Hz and its speed of propagation is 4.5 m/s. 


(c) Its periodic time is 755 and its speed of propagation 1s 4.5 m/s. 
(d) Its periodic time 15 72 5 and its wavelength is 18 cm. 

А 2 А 
(e) Its periodic time is "78 8 and its wavelength is 12 cm. 


Ө The opposite graph represents the relation between the d 
* displacement (d) of the particles of a medium through 

which a wave propagates and the distance (x) travelled 

by the wave in its direction of propagation, which of 

the following sentences are correct for this wave? 

(a) Distance P represents the wavelength. 

(b) The double of distance R represents the wavelength. 

(c) The double of distance S represents the wavelength. 

(d) Distance Q represents the double of the wave amplitude. 
| (e) Distance P represents the double of the wave amplitude. 

Second: Put in front of each of the following sentences the suitable number of the wave 
that represents it: 


"m ШИ 
| Wave (D Wave (2) 
| (1) It represents a complete number of waves (Wave...) 
(2) The direction of medium particles vibrations for it is perpendicular on its direction of 
propagation (Wave... 
(3) The direction of medium particles vibrations for it is along its direction of propagation 
ja (Wave. 
(4) One example of it is the ultrasonic waves that propagate in air (Wave... ) 


| 


| 1 


Test on Chapter $ 
а E Wave Motion 


e The opposite figure represents the (displacement 
= time) graph tor a particle in a medium that 


transmits a transverse Wave, so d(cm) 


ө The opposite graph shows the relation between the A (m) 
wavelength (A) and the frequency (V) of the sound 
waves produced by a number of tuning forks that 


vibrate in air, so the value of X is ............. 5 
v(Hz) 


@ 75 Hz 

f$, 120 Hz 
© 122 Hz 
га, 150 Hz 


[3] The ratio between periodic time and frequency of an oscillating object equals 35 s?, so 
the number of oscillations that are produced in 20 s equals ............. oscillations. 


170 (b) 289 (c)340 (510 


e 


а: 
OM 


eQ A sound wave travelled from air to a liquid, hence its wavelength got changed from 0s 
om 


to 2.] m, given that the speed of sound in air is 330 m/s, then the speed of sound in that 


liquid is ............ я 


(a) 1420 m/s (5) 1386 m/s (© 1320 m/s «. 693 mis 


Ө Which of the following graphs represents the relation between the frequency (V) for 


a simple pendulum and its number of oscillations (N)? 


@ ©) ©) 


Ө The opposite graph shows the relation between the wavelength (A) 


and the speed (v) of two different waves (A and B) when they 


propagate in different media, so ...........« 


(8) T, > Tg 
(b) TA <Тв 
| © U4 > Ug 


(d)'0, 7 Up 


@ When the terminal of a long spring is moved in such a way to make a longitudinal wave 


| of wavelength 25 cm and periodic time 0.25 5, then it is moved to make a transverse Wave 


of periodic time 0.1 s that travels at double the speed of the longitudinal wave, 80 the 


wavelength of the transverse wave is ............. . 


| | (8) 10 ст (b) 12.5 ст 
| 
| © 20 cm (@ 50 cm 
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UNIT 


KB 1f elapsed time interval between the pass of the first crest and the eleventh crest by apg; à 
" n 


in the path of a wave motion is 0.02 s while the distance between thc 


cre 


Sts is 45 m 
Calculate the speed of propagation of this wave. 


[18] If a wave travelled from a medium to another so that its speed increased by 20 %, what 


was the percentage of change in its wavelength? 


& In the opposite figure, if the pendulum was 
making 30 complete oscillations per one minute, 


calculate the frequency and the periodic time. 


[167 A sound wave travels inside a glass tube from terminal x to terminal y 


as shown in the opposite diagram, describe how air molecules move в x 
inside the tube, with explanation. = 
= 
y 


The two opposite graphs show the relation between the 


displacement (d) of the particles of a medium end both of i 


the time (t) and the distance (x) of propagation for the 


wave motion. Calculate the speed of the wave. 


Test on 


Chapter One 


= (ms) 


CHAPTER 


,- 


Light 


yter o 
By the end 
» Mention t 


» Discover | 
and light i 


• Deduce 5 


• Carry out 
the light i 
and deter 
а топос! 


• Саггу ош! 
the occur 


* Compare 
the refra 
light and 


* Identify 
internal 


| Minimum; Deviation 


Chapter objectives 


By the end of this Chapter, the student will be able to: 


* Mention the properties of light waves. 


* Discover the two laws of light reflection 
and light refraction. 

* Deduce Snell's law. 

* Carry out an experiment to explain 
the light interference phenomenon 


and determine the wavelength of 
a monochromatic light. 


* Carry out an experiment to explain 
the occurrence of diffraction of light. 


* Compare between the reflection of light, 
the refraction of light, the diffraction of 
light and the interference of light. 


* Identify the critical angle and the total 
internal reflection of light. 


• Explain the working principle of optical 
fibers, the reflecting prism and the mirage 
phenomenon. 


* Differentiate between the normal prism 
and the thin prism. 


* Deduce the laws of a prism in the normal 
case and the special cases. 


* Carry out an experiment to trace the path 
of a light ray through a triangular prism. 


* Explain the dispersion of light by using 
a triangular prism. 

* Deduce the dispersive power of a prism. 

* Acquire the skills of solving problems by 


using the mathematical relations in this 
chapter. 


Properties of Light 


Lesson One (Propagation, Reflection and Refraction) 


© Sun is the main original energy source 
for life on Earth and light is the main 
way of transferring this energy to Earth. 


>> Wave nature of light 


* In the study of the nature of light, physicists were divided into two groups: 


UE first; p | 7 | У 
They agree with SE : QURE 
Ísaac Newton's idea b 
which considers light 
as very tiny particles. 


пе зеготе 


They agree with 
Huygens’ idea which 
considers light as waves. 


— X3 


EN | Chapter 2 


• However, modern physics (quantum physics) has proven the principle of dual nature of 


light, which states that the electromagnetic radiation has: 


1. Wave nature: They are transverse electromagnetic waves. 


2. Particle na 


consist of encre 


e nature c 


d photons 


• Electromagnetic waves have an isive range of frequencies and wavelengtl 


range is called: 


omagnetic spectrum which includes } 


| 
[ I | [ || 
Eg 9) | \ А) 
Е - ра д | a E 
Radio Infrared || Ultraviolet Gamma 
waves í Es waves A waves 74 rays | 
— (maj ———— ~ - 
188: _ — >= 
Microwaves | | Visible light 
| | Waves 


7 


pm nm Sam 400nn 


Radio waves 


Increwy: 
Рес 


10! 10? 10? 10* 107 10* 10° 10* 10% 10" 10" 10° 10% 


© From the figure, it is clear that visible light is a limited part of the electromagnetic spectrum 
and in the following, we will study some of its properties: 


Some properties of visible light waves 
| | 
= D à (3) а) 5) 


| Propagation | l Reflection | | Refraction | | Interference | | Diffraction | 
| => 


Lesson One 
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zm ightpropagation 


wa vefront 
* Light that is originated from a point source prt opagates + / 


ina homogeneous medium in straight lines as concentric 
spheres of disturbances whose center is the light source 
and that can be illustrated through representing the 


2 ~ Light ray 
(Direction of way, 
propagation) 


Wavefronts as shown in the opposite diagram: 


А wavefront - awe 
It is a surface in the path of wave motion on which the disturbances at every point have 
the same phase. 


Wavefronts can be of three types depending on the source of light as follows: 


РЕС e] €—— | e — —— ЈЕ 
Plane wavefronts Spherical wavefronts Cylindrical wavefronts 
Obtained when waves are Obtained from a point Obtained when waves are 
coming from: source that sends out waves | resulted from a longitudinal 
* A laser light source. in three dimensions in light source such as when 
* A very distant light source | a homogeneous medium light is passed through a fine 
(like the Sun). as spherical wavefronts rectangular slit. 


centered on the source. 


| ЕІ 


Laser source 


Meche ES 
| Second | Lightireflection 


© Occurrence: 


back in the same medium and this 


Normal line 
When light waves fallin a medium < | EB) (miga i 
i TES (n 4 i E 
on a reflecting surface, they bounce He tsi Н y 


phenomenon is known as light Reflecting 


reflection. surface _ Point of incidence 


elt А u Chapter 2 


K Light reflection, angle of incidence and angle of reflection can be defined as follows: 


Lesson One 


Light reflection 


is the bouncing of light waves in the « А А 
Ii g of light waves in the same medium when they encounter a reflecting 


surface. 
The any! 
It is the angie between the incident fick : A 
it ligh he angie bet = 
ray and the normal line on the reflecting ray and the normal linc on the reflecting 


surface at the point of incidence, 


surface at the point of incidence. 


| Thefirstlaw ^ Angle of incidence ©) Angle of reflection 


| The second law 
` Normal line 


The incident light ray, the reflected light ray and the 
normal line at the point of incidence all lie in the same 
plane which is perpendicular to the reflecting surface. 


ka 
-Notes : 


(1) Light reflection can be represented using wavefronts 
as shown in the opposite figure: 


(2) The light ray which falls perpendicular to 
a reflecting surface gets reflected on itself 


because the angle of incidence = The angle of reflection = Zero 


a НИ 


QU y eif ov Д З CES) ld sos yabsdl 89 


(3) When plotting the relation between the angle of 
reflection ($,) and the angle of incidence (ф), we get 
a straight line and when the two axes have the same 
drawing scale, the straight line will make a 45° angle 


with the horizontal axis as in the opposite graph: 


ф 


45° 


(4) It is easier to see your reflected image on the glass window of a lighted room at night | 


when the outside is dark than seeing your reflected image at daytime: 


© When outside of the room is dark: 


The intensity of light passing from 
outside into the room is more lower 


[ 
Because |. 


than the reflected light from the inside, 


© When outside of the room is lighted: 
The intensity of light passing from 
outside is larger than the reflected light 
intensity inside the room, 


So 


EM; CENE 


the person can see his image as a result 
of the light that is reflected on the glass 
inside the room. 


reflected image on the glass. 


it is difficult for the person to sec his 


e When a light ray (xy) is incident on 
a reflecting surface (AB), the ray gets reflected 
as shown in the opposite figure such that: 
Angle of incidence = Angle of reflection 


E 


Mee ------- 


Chapter 2 


@ when the reflecting m rotates "- "e" AB with an angle aen to be in plane AB v 
Ё the path of the incident ray (the normal line ro: 


пои 


Бе represen 


B 
| And we | find that: 
(1) The angle of incidence and the angle of reflection , | 
Each of them increases by a value 0 Each of them decreases by a value Ө | 


(2) The angle hetween the incident ray and the reflected ray 


Increases by a value 2 0 Decreases by a value 2 0 
(3) The rotation of the reflected ray from its initial position | 
Rotates by a value 2 0 in the direction of mirror rotation | 


When the incident ray rotates with an angle 0 to take the path of xyz without changing 
the position of the reflecting surface, that can be represented as follows: 


S 
E" Lo 
oa T 
w 


queen ye а 


And we find that: | 


(T The angle of incidence and the angle of reflection 


Each of them decreases by a value 0 Each of them increases by a value Ө 


(2) The angle between the incident ray and the reflected ray 


Decreases by a value 2 0 Increases by a value 2 8 


/3 The angle between the reflected ray and the reflecting surface | 
C) g 


Increases by a value ө | Decreases by а value Ө | 
Teas J 


Three mirrors; A. B and С. are perpendicular to each other. 
If a light ray falls on mirror A as shown in the figure, iiec 
the path of the light ray until its reflection at mirror C. Са 


Solution 


а, Clue 


When the ray falls on mirror A such that the angle 
between the ray and the surface of the mirror is 
60°. it means that the angle of incidence is 30° 
and as the angle of incidence = The angle of 
reflection, so the angle of reflection on mirror A 

is 30°, then the ray falls on mirror B. 


а, Clue 
When the ray falls on mirror B, the angle between 
the incident ray and the surface of the mirror 
equals 30°, hence the angle of incidence equals 
60°, so the ray gets reflected from mirror B with 
an angle of reflection 60° to fall on mirror C. 


Q, Clue 
When the ray falls on mirror C the angle between 
the incident ray and the surface of the mirror 
equals 60°, therefore the angle of incidence equals 
30°, then the ray gets reflected at mirror C with 


an angle of reflection 30°. 


Wha the angle between the two mirrors A, B becomes equal to 120° without 
i changing the direction of the incident light ray, what will be the angle of 
- A reflection of the ray from mirror A? 


Chapter 2 


mE car RE 2 
e 
2 5 
E 
In the opposite figure, the angle of reflection 
equals . у Incident light ray Reflected! light ray 
@ 30° iy) 45° 
(c) 60° (d) 90° Е y 
Solution Reflecting surface 


+: The angle of incidence = The angle of reflection 
2. The angle of reflection = 2 ф 
+ The angle between the normal line and 
the reflecting surface — 90? 
<. 2 ф + ф = 90° 
“. ф = 30° 
-. The angle of reflection = 2 ф = 2 x 30 = 60° 


2. The correct choice is (c). 


If the mirror gets rotated about point x in the direction ! 
shown in the figure by an angle of 10°, the angle between ( 298 
30° 


ЕЙ 
the incident ray and the reflected ray becomes .......... . mor e 
x 


@ 140° (b) 135° 
© 125° @ 115° 
Solution 


- Before rotating the mirror: К 
+“ The angle of incidence (фу) = The angle of reflection (0,) 


“фу =, 290-30 = 60° 
- When rotating the mirror with 10°, both of the angle 
of incidence and the angle of reflection increases by 
the same value with which the mirror has rotated: 
` > Nu о 
ЈЕ h = 0; = ОЈ + Ө otation = 60° + 10°=70 à 
2. The angle between the incident ray and the reflected ray = ф, + ф, = 70 + 70 = 140° 


2. The correct choice is (9). 


to determine the direction of rotation of the reflected ray 


you are asked à 
initial position, what will be your answer? 


relative to the 


In the opposite figure, if the position of the light Mirror @) 

source is changed such that the angle of incidence А A Light soy, 
(0,) increases by 5°, the angle фу will |... | —1 S "s L 
(a) increase by 5° ; E" 


(b) increase by 10? 
(© decrease by 5° 


77777 Матог(ђ) 
(D decrease by 10° | 


Solution 
a $ = фу Mirror Q 
. " Z Light source 
-. When фу increases by 5°, фу increases by 5° EN", 
= È} 0, 2 90? 


-. When Òi increases by 5°, 0) decreases by 5? 2 
- ^ o РТТ Mirror (1) 
2 0,+6, = 90 d 

". When 8, decreases by 5°, 0, increases by 5° 
v0, 0, = 90° 

7. When Ө, increases by 5°, decreases by 5° 
74670, 


*. When ф, decreases by 5°, ф, decreases by 5° = Mirror (1 


*. The correct choice is (c). 


h _| the light source is kept fixed while rotating mirror (2) by an angle of 5° such 
What | that the angle between the two mirrors increases, what happens to the value 


f 
| df of angle $4? 


\ 
, Test yourself a ^... 
| ED 3% The opposite figure shows three mirrors A, B and C. 4 


If a light ray falls on mirror A as shown in the figure, 


trace the path of the ray till it gets reflected from mirror C. 


Chapter 2 


= a m 
2 
-— з 
= 
Д 8 
B Choose the correct answer lex, | Miror 5 
" век vC ет | | 
(D In the opposite figure, a laser ray is incident on mirror (1 ) Fete > | || 
et то Лас " H or ec | i | 
| to get reflected from it and fall on mirror (2). Using the | ||, 
| shown scale. so after the ray gets reflected on mirror 
| : ys t rror (2 | 
| it p: uah g | | | | 
QUA (JB MINNIE 
и B \міггог(2)) aii L | 
oc i LAM, jb. 
ins (DD 
(2) In the opposite figure, when moving light source x Source 


| to increase angle ф, the distance h which is shown 
in the figure .-........ " 


© will increase 
(b) will decrease 
| (©) may increase or decrease 


NO won't change 


Lightrefraction 


* If you put a pen in a glass of water and looked at it from 


Byer) ? 
the side, you will see the pen as if it has been broken and p — 
this happens due to the refraction of light. | f 


9 Occurrence: 
When a beam of a parallel light rays falls on the interface А 
(boundary surface) between two transparent media of different g í 


optical densities; 


. А А Optical density of а medium: 
Part of the light gets reflected in the first medium. ie и 
ө ot the lipnt g The ability of the medium to bend 


Ө Part of light passes to the second medium light rays when they enter into it. 
deviated from its direction and this phenomenon - 


i ў i Incident ra; Reflected 
is known as light refraction. y eflected ray 


© Very small part of light gets absorbed in Rarer medium (air) X 


the second medium. Denser medium 


(glass) 


wl the angle of refraction as folloy, 
" 


UNIT 


P" " . i 
D From the previous, we can define light refraction 27 


Light refraction - 
It is a phenomenon that changes light’s direction when it travels slanted through 


the interface between two transparent media of different optical densities. 


The angle of refraction (0) - e 
ht ray and the normal line on the interface between 


It is the angle between the refracted lig 
the two media at the point of incidence. 


© Why it happens? 


on of light occurs due to the different speeds of light in the two media as 


e The refracti 
media. 


a result of the different optical densities of the two 


© Light refraction obeys two laws, which are: 


| First law 

the sine of the angle of incidence (sin ф) in 
the first medium to the sine of the angle of refraction (sin 0) in 
the second medium equals the ratio of the speed of light (у) in 


the first medium to the speed of light (v) in the second medium 


The ratio between 


which is a constant ratio for those two media and it is called 
relative refractive index from the first medium to the second sind _ "i ^ 
" n, =—=7 7-7. 
medium (уп,). | 2 sin 3 ^ 
C а 
| Second law 


The incident light ray, the refracted light ray and the normal line at the point of incidence 
all lie in the same plane which is perpendicular to the interface between the two media. 


From the first law 
Jt is obvious that sin $ се sin Ө sin ф 


So, when plotting the relation between sin ф and sin Ө, we get 

a straight line as in the opposite graph whose slope represents І 
the relative refractive index between the two media. 

Asin $ 
Asin Ө 


=n 


i Slope = m 


— 5] 


Chapter 2 


2 From the previous, we can deduce that when 


two transparent media such th 


a light ray falls on the interface between 


at it travels from: 


denser 


toward the normal on the interface (o> 0) 


This can be 


Du medium medium 
Such as 
From air to glass From glass to air 
So, the light ray is refracted ( bent) | 


away from the normal on the interface (ф < Ө) 


resembled by 


a cart moving on a paved road when one 
of its wheels enters a muddy soil, the soil 
slows down this wheel, while the other 
wheel keeps moving on the paved road 
faster than the first one, therefore the path 
of motion gets bent. 


Incident 


The factors affecting 


a cart moving on a muddy soil when one of 
its wheels enters a paved road, so it moves 

faster, while the other wheel keeps moving 

in the muddy soil slower than the first one, 

therefore the path of motion gets bent. 


Incident 
my 


1 
tReflected 
ray 


the relative refractive index between two media: 


1. The types of the two media (their optical densities). 


2. The wavelength of the incident light ray. 
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Lesson One 


@ Test yourself — —& 


о Ж Choose the correct answer: 

The four following figures represent four rays of a light that has a wavelength А, travelling | 
from medium А to other four different media x, y , z and k each one at a time. In which o 
these media (x, y, z or k) the light ray will have the longest wavelength? 


1 ! 
о! el 60°! 60°! 
60°! " 60 a a a 
В ler а We Pos 
145° 144 143° 142! 


EO © © © 
Ce 


© If a light ray passes from space or air into another 
transparent medium (given that the speed of light 
in air is nearly equal to its speed in space): 


The ratio of the speed of light in space or air (c) to , | 2,8. 
its speed in the medium (v) m Dey 
The absolute — > : 
refractive index А Mm n 
of the medium (п) z) The ratio of the wavelength of light in air (А) to mE 
"Constant value its wavelength in the medium (C аша) А dium | 
for the medium” = 
The ratio of the sine of the angle of incidence in sin | 
the space or the air (sin ф) to the sine of the angle n=" 0 
of refraction in the medium (sin 0) J D 5 4 


> From the previous, we can deduce that: 


© The absolute refractive index of any medium is always greater than one because the speed 


of light in space or air is a universal constant that equals to 3 x 10? m/s and it is greater 
than its speed in any other medium. 


sind 


© The refractive index has no measuring units because it is 
a ratio between two similar physical quantities. 


The speed of light in a medium is inversely proportional to 
the absolute refractive index of this medium (v ec b 


© When plotting the relation between (sin ф) for a light ray in air 
and (sin Ө) in any other medium, we get a straight line as in 
the opposite graph whose slope is always greater than one and 
represents the absolute refractive index (n) for this medium. 


„е Chapter 2 


| The factors affecting [ithe ahisaluterefrien VR THX на етан 


I. The type of medium material: 


As the optical density of the medium increases its refractive index increases 


2. The wavelenz 


The refrac udex of a medinm decreases as th 


ЈЕ the incident 


ight ray: n 


wavelength of the incident light incrcsces and the | 


5 and the 


opposite graph represents the relation between the 


absolute refractive index (n) of one type of glass and b 


the wavelength (A) of the light passing through it. A (um) 
Deducing the relation between the relative refractive index for two media and 
their absolute refractive indices: 
V. 
n= IT ‚у= £ ae 78 n 
Ww 4 
v. 
1 
dis 
12 У; 
| The relative refractive index The absolute refractive index of n 
Le | from the first mediumto 1102 © the second medium + that of the 
the second medium first medium ny 


And, accordingly the relative refractive index from the second medium to the first 


| ï | 
medium can be obtained from the relation: | n, = 7-=-– | 
Bede Ма ur 


2 From the previous, we can compare between the relative refractive index between two 
Mm ано the каноне refracdvedi iade of a medium as follows: 


Relative refractive index Absolute refractive index 
between two media of a medium ! 


Illustrative diagram 
Medium i 
Medium 5 Медшт (2) | Q 


Lesson One 


Concept | 


The ratio of the sine of ће angle of incidence | The ratio of the sine of 
in the first medium to the sine of the angle of | in space or air to t 


refraction in the second medium. refraction in the 


or) 
The ratio of the speed of light in the first 
medium to the speed of light in the second 


The ratio of the speed of light in space op air 


to the speed of light in the medium, 
medium. 
Mathematical relation 
| MCN! pone c Ав 
| 12 те Yh À 0 У AL 
Magnitude 
———— 


Might be less or greater than one Always greater than one 
1 


The factors on which it depends | 
| 
| * The wavelength of the incident light. 


| 
* The wavelength of the incident light. | 
| • The types of the two media. * The type of medium. 


Measuring unit 


None of them has a measuring unit since each of them is 
| а ratio between two similar physical quantities 


Em 


© From the first law of refraction: 


First medium Second medium 


Chapter 2 


— 


Notes: ate "E 


(1) The light ray that falls perpendicularly on the boundary 
between two transparent media, doesn't snffer any 
refraction | 


when the light ray falis normally on 
the boundary surface between the two media (6 = 0°) 
according to Snell’s law (n; sind = n, sin 0), then 

(n, sin 0 = 0) and the angle of refraction (Ө = 0°), 


Note th that: 


(2) The relative refractive index from the first medium to the second medium ( 11) can be 


calculated as follows: 
ar crn | 


The relative The absolute The 
refractive refractive The angles | wavelengths The speeds 
index indices ) ; 
І ЈЕ — eae! (a 
NY “ TJ" _ sing E 
| ^ | m | 1757 sing i Г 107%. 


(3) When the light ray passes successively through three media 
(x), апа (2) of refractive indices n, , ny and n, respectively, 
the angle фу 

- depends on поп, and ф, 
- doesn’t depend on ny, 
Since: 
ees) 


va sin фу = ny sin Ф 


өө 


тту sin >, =n, sin $5 
From equations (1) and (2): 
^ n, sin >, =n, sin ф, 
“sind, = x sin à, 
z 


This also holds true for more than three media when a light ray passes successively 


through them. 


101 


Lesson One 


E 
z 
= "S 


(4) When a light ray travels from medium (to medium (2): 


n 


5 : ; І 
= == sine 
n, sing=n, sin Ө, sind 5, à 


And if 


Then 


So, when increasing the angles of incidence (ф; 


refraction (0) increase with 


Where: n Where: ni 
—<1 


е Example 


5 


) with a given value, the angles of 


is 2, calculate: 6 
(a) The relative refractive index from water to glass 


(b) The relative refractive index from glass to water. 
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If the absolute refractive index of water is 4 and the absolute refractive index of 


= — Chapter 2 


Solution 


ejb Te M 
AME" "E T ены 


| What you are asked to calculate the ratio between the speed of light in water to its 


if — speed in glass, what will be your answer? 


A light ray of wavelength 589 nm is incident in air on the surface of a glass plate of 
refractive index 1.52 at an angle of incidence 30°, calculate: 

(a) The angle of refraction of the ray. 

(b) The speed of light inside the glass. 

(c) The wavelength of light inside the glass. 

(The speed of light in air =3 x 108 mls) 


Solution 


8 
23x10 _ 1.97 x 108 mis 


1.52 
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| What the angle of incidence of the light ray on the surface of glass is changed, Which 
| if | of the previously calculated values in (а), (b) ог (с) will change? 


ks 
z 
= 

А, 

VEM =! СЕСЕ и sns 

(6) 5 UNA un i, X. 

X 
X 21-39. 387.5 nm 


Example Kj 


The opposite figure shows a light ray. falling perpendicular 


on the interface from medium (8) to another medium ©, if © ® 
the number of light waves in medium @ equals 10° waves 
and the number of light waves in medium (b) equals —d———d- 


15x10 waves, find the relative refractive index ally. 


Solution 


(What you are asked to determine the medium (@ or (b) in which the frequency of 
| if light is higher, what will be your answer? 


The opposite figure represents a light ray (R) passing 


from air through a glass sheet then into air again, so 


vas о ~ 


correct path in which the ray moves is path «e, 


GA (DB 
ec фр 


Chapter 2 


А о 
solution а, Clue 2 


To determine the correct path of the light ray. 
the normal lines to the boundary surfaces 


И ва тим be drawn at each point of incidence 
Jor determining either if the ray passes in 
“. Фаг > О aes а straight line, bends towards the normal 


or away from it 
i.c., the ligi 
in glass. 
7. At the boundary surface between air and glass, the light ray refracts towards the normal and 
at the boundary surface between glass and air, the light ray refracts away from the normal. 


©. The correct path for the light ray is C. 


<- The correct choice is (©). 


(Wh at you assumed that the sheet is made of diamond, bearing in mind that 


if 


the refractive index of diamond is greater than the refractive index of glass, 
will the angle at which the light ray emerges into air change? 


The opposite figure represents with a definite drawing scale 
ared light ray while passing between two media, so the relative 


refractive index between those two media (уп) equals ~ 
1.44 ® 1.18 
©1.13 @ 0.88 


Solution 
The angle of incidence and the angle of refraction can be determined from the dimensions 


shown in the figure: 


w= Opposite 
| ~~ Adjacent 
5 tang =4 z. ф 53.13? 
~<. tan 0 = 2 29 = 33.69° 
n = Sing _ sin 53.13 
l2 520 — 5033.69 

= 1.44 
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– 
= = 
= PURI 


Rnother Solution: 
- In triangle abc : 
ab 24 (ac)! + (bo) 
| =16F +07 = 5 units 
Opposite 


imie 29066 
eng Hypotenuse d 5 


* In triangle ade : 
ad —'[(ae + (ае? 
={G" «QY =i units 


| | 2. The correct choice is (9). 


| | What) a blue light ray falls instead of the red light ray, will the value of the relative 
| if refractive index between the same two media (п, 1 n) change? 


@ Test yourself. ду 
o 56 A light ray falls on the surface of a glass of refractive index 1.5 at an angle of 


incidence 60°, if a small part of the light gets reflected and another part gets refracted, 
calculate the angle between the reflected and the refracted light rays. 


[2] Æ The opposite figure shows a light ray falling on a glass 


| slab of thickness (А if the refractive index of the slab is 3. ; 
| calculate its thickness l. 


Chapter 2 


&8 Choose the correct answer: | | 


(1) The opposite figure shows a light ray falling on a glass 
cuboid to get refracted inside it, hence the speed of light 
ray in glass is a proxim међу equal lo 
(Give 1 X 10" m/s) 

WLS x Oms 


(2.3 x 10% m/s W)2.5 x 10" m/s 


(2) In the opposite figure, a light ray travels from medium (1) 
to medium (2). If the angle ф has increased by a value 


of 5°, angle Ө . 


(а) increases by a value of 5? 


(b) increases by a value greater than 5? 


(c) increases by a value smaller than 5? 


(d) doesn't change 
(3) In the opposite figure, a light ray passes from air into `A 
a glass cuboid. If the angle of incidence of the ray (ф) S " 
gets increased, the angle ог between the reflected and "m ка yc 
Glass y 


the refracted light rays .............. à 
@ will increase 

(b) will decrease 

(©) may increase or decrease 


(d) won't change | 
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Toy 
hod? Wat 
; Pis sonny 
Use the Аи 


Properties ofLight ~% 


D» 


Say 

x 
" E = E Interacti 
First Multiple ch questions = i 


Light reflection 


Questions on 
Lesson One (Propagation, Reflection and 


action) 


The questions signed by ЗЕ аге answered in detall. | Ф Understand Ору e" Higher Order Thinking Skills | 


@ If the opposite table shows some selected wavelengths Spectrum 


• а " 
| from the electromagnetic spectrum in air, so ............. Visible light 


@M<Z<yY @Y<Z<M 
©Y<Z=M @Y=Z>M 


Gamma rays 


Ө The opposite figure shows a light ray falling on the surface of 
* а plane mirror and bouncing back, hence the angle of reflection 80° 
of the ray from the surface of the mirror equals .............. 


40° @50° © 80° @ 100° 


[3] In the opposite figure, а light ray is incident with a speed v 
* on the surface of a mirror and gets reflected from it, so Incident ray | 


В А ] 
the speed of the ray after its reflection becomes .............. er ai 
1 
—v v 
Oz Ф 
Orv Q2v 


Ө The opposite figure shows a light wave being incident on 
a reflecting surface, what will be the value of the angle of 


Reflected ray 


| 
| 
| 


Reflecting 
surface 


i р ae . Light wave 
reflection for this wave after striking the reflecting surface? 
(a)0* (b) 45° 
(c) 90° (d) 180° 


Ө Æ If a light ray is incident perpendicular to a plane mirror, ће angle of deviation of 
© the ray from its path equals .............. 


o (b) 90* © 180° @ 360° 
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posite figure represents thr ; EIER 
Q The opr gure represents three plane mirrors forming 


three sides of a square. Which of the following choices 


shows the path of the incident light ray as it gets reflected 


by the three mirrors? 


Questions on Chapter 2 


@ Ж In the opposite figure, which of the following statements is correct? 


F (а) The ray is reflected from mirror C at an angle of 30° 
(b) The ray is reflected from mirror C at an angle of 45° 
(©) The ray is reflected from mirror C at an angle of 60° 
@ The ray is reflected parallel to mirror C. 


Ө 3K In the opposite figure, the angle of reflection of 
T the light ray from mirror B equals .............. 
(a) 20° (b) 40° 
(c) 609 (d) 70* 


[9] Ж А light ray is incident on a plane mirror with an angle of 60°. 


* It the mirror is rotated by an angle of 18° in the clockwise 


direction while keeping the incident ray in the same direction as 


in the figure, then the angle of reflection becomes ............ 


18° © 42° 
(с) 48° (978° 


© % If a light ray is incident on mirror A while being parallel 
o 


to mirror B as shown in the opposite figure: 


(i) The light ray gets reflected from mirror A and falls on 


mirror B by an angle of incidence that equals 


() 90° (8) 609 © 30° 
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UNIT 


mE. 


(ii) The reflected light ray from mirror B falls again on mirror A with an angle of inciden 


that equals > 
(a) 90° (b) 45° (©) 30° a 0° 


@ 3K In the opposite figure, a light ray is incident on mirror 
е, H 
7 M, parallel to mirror Му, hence the ray gets reflected from 
mirror M, to fall on mirror M, and get reflected from it 


parallel to mirror Mi, so angle Ө equals 
(а) 30° (b) 45° 
© 60° @ 90° 


(12) Æ The opposite figure shows with a definite drawing scale : B 


Mirror 
o "e : Hs 
the incidence of a laser ray from source x on mirror (1), = a 
hence after the ray gets reflected from mirror (2), it passes I | 
through point ............. . Cr y 
lps 


(A ©B 
©c фр 2 


® Æ The opposite figure shows with a definite drawing scale the 


"* positions of four light sources (A, B, C and D) in front of a plane E ~ 
mirror, so the light ray that is reflected on the mirror at point X 


and passes through point K is coming from............. и D, E 
(8) source A (b) source B с! јв 
(€) source С @ source D 


® 3K The opposite fi gure represents two perpendicular 
à plane mirrors (1), (2). A light ray is incident on 


^ 
mirror (1) at an angle of 40°, so: 
Ф 8 , Mirror 


(i) The angle of reflection of the ray from mirror Q Q 


equals ............. . 
(а) 40° (b) 50° 
(c) 60° (d) 90* 


(ii) The distance covered by the reflected ray from the position of its reflection from 
mirror (69) till striking mirror Q equals .... 


(8)08m (b) 0.98 m (6) 194m (02.5 m 


- Questions on Chapter 2 


=== - - 


Light refraction 


[15] When a light ray is incident from air with an acute angle ona glass surface, its direction 
* gets change due to the change of я between the two media. 
QD the amplitude of light wave b: the color of light 


ce) the frequeney of tight the sy 


@ When a ligh 


* medium wiih an a 
not change? 
(D The wave speed (b) The wavelength 
© The direction of propagation (d)'The wave amplitude (intensity) 


@ When а light ray falls on the interface between two media at an angle of incidence ф and 
^ gets refracted at an angle of refraction 0, the ratio пе is ee 


sin 


(2) constant for the two media (b) variable according to the value of $ 
© constant and always greater than one (d) constant and always less than one 


[i5] The opposite figure shows a light ray that is incident on 
^ aglass slab, so the two numbers denoting each of the 
angle of incidence and the angle of refraction are ............ Р 


"an The angle of incidence | The angle of refraction 
(8) "angle 1 angle 3 
(b) angle 1 angle 4 
©) angle 2 angle 3 _ 
O angle 2 angle 4 y 
© When the angle of incidence on the boundary surface between two media gets doubled, 
% the relative refractive index between them .............. 
(а) decreases to its half (b) gets doubled 
(2) remains constant @ gets tripled 


[20] Which of the following graphs represents the relation between the relative refractive 
е index between two media and the angle of refraction in one of them? 


1m 


m m m 
и 0 a N -0 am 
(а) 


(b) (c) (d) 
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iati need of lat 
@ Which of the following graphs represents the variation of the speed c 
^ different materials versus the absolute refractive index (n) for cach of ihe 


ic Meicrials? 


Y Y M v 
= PA M IN. 
Ө) ©) © © 
e When a light ray is incident from air on water surface at an angle of incidence 60°, 
the angle of refraction will be -.......... 


@ greater than 60° less than 60° © equal to 60° 


(d) equal to 0° 


[23] Ж From the opposite figure, the values of the angle of reflection 
? and the angle of refraction are ........... 
F 


The angle of reflection | The angle of refraction | 


@) 38° 68.38° | 


| (b) 52.88° 38° 
© 28.38° 38° 
| (d) 38° 52.88° 


[247 If a light ray is incident on a surface of a cuboid that has an absolut: 
at an angle of incidence 60° 


e refractive index of 43 
„(ће angle of refraction of the light ray equals .............. 


(8) 30° (b) 45* (2) 60* @ 90° 


1257 А light ray is incident on the boundary surface between two med 
incidence is 60° 


ia. If the angle of 
in medium (2), 
(2) equals -.......... 


@2 (DIEI © E 


in medium (1) and the angle of refraction is 309 
the relative refractive index from medium (1) to medium 


[26] The opposite figure shows a light ray falling from medium (1) 
9 onthe boundary surface with medium (2), so the rel 


ative Medium (1) 
refractive index from medium (1) to medium (2) equals . мемо 
(8)1.52 (b) 148 
(9134 122 
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C7) Ж A light ray is incident (rom air on the surface of a glass slab at an angle of 52°. 
^ Jf the ray is deviated by an angle of 19° 


Lesson One 


„ће refractive index of glass is ss. 


ore 1.33 ©) 145 1.65 

(y If the absolute refractis penne 

T «fat erasa a 554,99; Sh lie х [om gasoline to flint glass (,n,) 
equals ............. А 
Gon (1 (9125 @15 


& Æ A light ray is incident from air inclined to a glass surface at an angle of 50? with 
9 the surface. If the speed of light in air is 3 x 10° m/s and in glass is 1.92 x 108 m/s, 
then the angle of refraction of the light ray in the glass equals ............. . 


(8) 24.29" (b) 29.34* © 409 @ 50° 


130) Ж The opposite graph represents the relation between 
© the sine of the angle of incidence in a transparent 


medium (1) and the sine of the angle of refraction in 
another medium (2) when a light ray travels between 
them. If the speed of light in medium (1) is 2 x 10? m/s, 


then: 


(i) The relative refractive index from medium (1) to 


medium (2) equals ............. 


@15 (50:75 (€) 1.93 (92 


(ii) The speed of light in medium (2) equals ............. " 
@ 2.33 x 108 m/s (82 x 108 m/s ©15x10 m/s —(3)133 x 108 m/s 


@ When a ray of light that has wavelength A and frequency v moves from air into another 
i transparent medium of refractive index n, the frequency and the wavelength of that light 


in the transparent medium will be ............. i 


The frequency of the light The wavelength of the light 
in the medium in the medium 

X 

(а) v 
~ 

® v | n 

>. An 
© n | 
@ vn х ) | 


|; 
Qe D gilet с ES) cid oss заа] | 113 | 
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& A red light ray is incident from air on the surface of glass. If the wavelength of red light 


in air is 7000 A and the refractive index of glass is 1.5, the wavelength of red light in 


glass is ............. 2 
(8) 10500 А © 8564 А (9) 5543 А ndn 


а 526 nm in water travels in water 
(Take: с = 3 x 108 mis) 


(337 Æ А гау of light whose wavelength is 700 nm in air an 


? with a speed of ............. ғ 
@225x108m/s ()2х 108 m/s (189x105 m/s — (8 176 x 10° m/s 


& If the ratio between the absolute poa index of the first medium and the absolute 


o 
refractive index of the second medium is 2, the ratio between the speed of light in 


the first medium and the en of light in the second medium is ............ 
4 
@2 (OE: (ОДА ©} 4 


at an acute angle from a medium of refractive index 1.2 onto 


[35] When a light ray is incident 
^ the surface of another medium of refractive index 15, then. Р 


й | The speed of light The ray gets refracted 
(©) increases toward the normal line 
(6) decreases toward the normal TA 
© decreases away from the normal line 

(© increases away from the normal line ) 


36) A light ray is incident from air onto the surface of a transparent material at an angle 


? of 45°, so the angle of refraction inside the material may equal ............. ` 


@37° © 90° © 60° (@) 75° 


& In the opposite figure, a light ray is incident on a glass 


** slab of refractive index 1.5, the reflected and the refracted 
rays are perpendicular to each other, so the angle of 
refraction (0) equals ............. Р 

(@) 42.14° (p) 37.25° 

© 33.69° @ 27.64° 
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Questions on Chapter 2 


Өл the opposite figure, when increasing the angle of incidence (ф) Hei c ut 


е . 
for the light rav. the angle that decreases is 


@ angle c 


(с) angle 8 all of them 


& In the opposite figure, which of the following values of 


LI б . 
refractive index (п) makes angle c have the greatest value? 


(12 ®13 
(014 @15 


D Ж The opposite figure shows a light ray travelling from air into 


| i 
oil then into water. If the absolute refractive index of oil is 1.48 


and of water is 1.33, then the angles ф 4B аена —€— s 
"d dn 
ф е 
@ 41.6° 33.81° 
(b) 41.6? 41.6° 
© 47.73? 33.81? 
(d) 47.73? 41.6? ) 


141] The opposite figure shows а glass plate which is put 
S perpendicular to the surface of a horizontal plane mirror. If a 


ight ray falls at an angle of incidence 50° on the surface of the 
mirror, its angle of refraction in the glass plate will be ............. 5 


(8) 51.6° (547.22 (с) 35.8? 


[42] Ж In the opposite figure, a light ray passes from air into 
F water, then gets reflected by a plane mirror under the surface 


Air 


of water, hence: (Take: n мег = 1.33) Water 

(i) The angle of incidence (ф) equals ............. 3 

(а) 22.419 (b) 30,58“ 

(€) 41.689 (d) 60.127 

(ii) The angle of refraction when the ray emerges from water equals .. | 
(8) 60° (B) 41.682 © 30.589 @ 2241 
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M 
® ЖА light ray is incident from air on one of the sides of a glass cuboid and came out dis ( 
the opposite side to air with an angle of refraction 50°. If the refractive index of glass s 
18 153, 56 «som panssa | 
Ü чи а ; 
The angle of incidence in air | The angle of reirs п cuboid 
[ОД 40° Ои 
© 40° M o ¢ 
© 50° 30° 
(à 50* 45° 
© In the opposite figure, a light ray is incident with an angle ф on д ET. 
< the boundary surface between two media D, (2), hence if the T oi . 
ratio between the wavelengths of the incident light in the two = ue ON | 8 
Medium Q) 


media is TA = 3 , the figure that represents the correct path of 
2 
the ray i$ ............. 5 


© ® 


@ 

@ 

eG If a light ray travelled from a medium of refractive index n, to another medium of 
** refractive index n, where n, > п, the proper graph of sin ¢ versus sin Ө, when they 


are drawn with fhe same ov will be -- 


sing 


С. 0 Le. ө L. 0 Га sing 


[46] In the opposite figure, a light ray is incident in air on the surface 
kj at the center of a glass semi sphere, so if the refractive index of 
glass is 1.5, the angle of emergence of the light ray from the glass 


60°! 


equals ++--++ r 
(o (8) 30 
оду (ф во 
M6 


Questions on Chapter 2 


@ Æ In the opposite figure, a wave of light passes from air into YN ; 
17 i 3 
s glass through the boundary surface XY, so AB represents “0 бор AME 
j X — AN ФК Glas 
the incident wavefront and CD reprcsenis the refracted i n 
wavefront, hence the refractive index of glass equals 
sin 0 sin 
(ORE Opaki 
sin 8 sin 6 
(48) Figure (1) represents the incidence of 
Š a light ray in air onto the boundary surface 
of medium (1), if medium (1) is changed 
with another medium (2) as shown in 
figure (2), then .............. 


Lesson One 


Figure (1) Figure (2) 
m The relation between the refractive | The relation between the speeds of 2) 
indices of the two media light in the two media 
@ n > Dy MESZ 
(b) n; 2n, E МЕЗА 
© ni «n, MESZ 
Га | n <n, MESA 


[49] Атау of red light is incident perpendicular to the spherical surface of a semi sphere, so 
° which of the following figures represents the correct path of the light ray? 


© 


150] Each of the following figures represents the path of a light ray when it travels between 


* two media, 


ns 
n; 
3675. 
1 
Figure (1) Figure (2) Figure (3) 


so using the angles represented in these figures, the angle of reflection of the light ray in 
figure (3) equals . 


(8)41 79 (5) 30.5? ©23.1° @ 18.6° 
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11| Ф Understand ФАрріу 4. Higher Order Thinking Skills 


M 
e Æ The opposite figure shows a light ray falling Ке =) 
| "" on successive parallel layers of transparent media 4 
| E isa indi К En 
| of different refractive indices, so: n 
| | E 
| si уче = 
(i) The ratio — depends on refractive indices ............. . E n P 
sin 0, ———— me. 
= ~ 1 4 n 
a n,n, only (b) nj, n4, n, only 
| € By T 4, Dy Ny (Dn, n, only 
| 


(ii) The medium in which the speed of light is the greatest іѕ .............. 


ai 2 (3 @4 


& Æ The opposite figure represents a light ray travelling 
У 


from air through a layer of liquid of thickness 4 m, so ! & KAI 
if the speed of light in air equals 3 x 108 m/s, then : | Т media 
(i) The refractive index of liquid equals ===. , | in me 
a) 153 ® 149 | incide 
142 @ 137 апіс 
Gi) The time taken by the light ray to travel from A to B. equals се, 

(2,228 х 10795 (114x10*s ©228x 108s @ 114 x 1079 


& Æ The opposite figure represents with a definite 


** drawing scale the path of a light ray through three Ny 
transparent media of refractive indices Dj, n, and n4, | 27 
so the correct order of refractive index values is Г 7 
| Гап] >n > 14 fb) ny» n» nj 
cn, > n» n4 (d) My > n»n a 


(54) A monochromatic light ray falls from air into a cuboid of glass which is placed 
a plane mirror, so the correct path of the ray is represented in figure 


above 


Plane mirror Plane mirror Plane mirror Plane mirror 


(&) (b) (e) @ s. 
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—— Questions on Chapter 2 


E 
2 
о 
= 
oe g А 2 
& The opposite figure shows a light ray travelling through a Sí 5 
сы ids А е 1 = 
^^ (three different media, so the relation among : — 
aT iato “(i Я " n > 
(i) The absolute refractive indices of these media is 5 


demonstrat 
Dn >n 


On, >n, >n, Win, >n 


(ii) The speeds of light in the three media is и. 


D 
@yv,>v,>V3 (Dv, «v, «v, 
(v >y >v (D v, «v, «v, 


& Ж A light ray has fallen to pass through three transparent 


б í à | 
media a, b and с as in the opposite figure. If the speed of light “ i 
in medium a is 1.4 of its speed in medium b, then the angle of 


| b 
incidence on the boundary surface between the two media b E 
and c equals ............. = 
(а) 30.34° (b) 34.309 (©) 59.7° © 81.87° 


& Ф The opposite figure shows the path of a light 


ray through a glass cuboid, then the refractive 


index of glass is .. ies 
(8)1.63 (8) 1.67 


(€)141 (à) 1.58 


[55] A light beam passes perpendicular into а glass sheet of thickness d and refractive index n, 
* 


So if the speed of light in empty space is c, the time interval taken by the light to traverse 


the thickness of the sheet equals ............. д 
~ d c) de ES 
© Еч (b) nc ©) n Q nd 


Or the absolute refractive index of water is 1.33, then the time taken by light to cover 
о 


а distance of 20 m in water equals се . 
(Knowing that: The speed of light in air = 3 x 10" m/s) 
(858.87 x 103 s (113x107s (2)225х 105% (04.52 x 10° s 
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In the opposite figure, a light ray passes from water to air to 


"Ө 


emerge with an angle œ, so if another transparent immiscible 
liquid whose density is lower than water is poured slowly 


above water so that it floats on the surface of water, the 


angle of emergence of the light ray to als гуна Я 


(3) will increase @ will decrease 
(2) may increase or decrease @ won’t change 


(617 3& A swimming pool of depth 3 m is filled completely 


with water of refractive index 4. To light the bottom 


of the swimming pool, a lamppost of height 2 m is 


installed at a distance 4 m from the edge of 


the swimming pool. The length of the dark part at 
the bottom of the swimming pool is .... 
(22m (5 1.07 m (271m (@) 3.32 m 


[62] A light ray fell at an angle of incidence 30° on the boundary surface between the air 
Ф and ће cornea of the eye of a swimmer. If ће swimmer dove under the water surface, 
then the angle of incidence of the light ray in water that makes it get refracted as if the 


swimmer was in air is .. 


(Where: The refractive index of water = 1.33, the refractive index of cornea = 1.4) 
(а) 19.82° (b) 22.08° (c) 22.92° (d) 29.9° 


r1 


(& The opposite figure shows a man looking constantly at a metal v 
| ** coin that is placed at the bottom of а container filled with 


water up to level x, hence the coin seems to him at specific 


position (a). When water is let to spill out gradually from the 
container till the surface of water becomes at level y, the man 
will see the image of the coin 
(8) rising up gradually 

(b) descending gradually 

© stable at the bottom of the container 
(d) remained stable at its level (a) 


Questions on Chapter 2 


son One 


| Second | Essay questions 


@ The opposite figure shows the reflection of a light 


ay. Hf the angle 


of incidence is increased, docs the reflected ray change its path? 


And if it does, in which direction it will bc changed? Explain 


your answer. 


(27 The opposite figure shows a light ray which is falling 


e r : 
perpendicularly from air onto the surface of water. Find the value 


of the angle of refraction with explaining your answer. A ai 


[3] A light ray travelled from a medium of refractive index n, to another medium of 
refractive index n,. Show by drawings the path of the light ray through the two 
media if: 


(a) n, «n (b)n, >n 


1 1 


[47 Explain the following statements: 

" (1) It is easier to see your reflected image on the glass of а window from the inside of 
alighted room at night when the outside is dark than seeing your image at daytime 
when there is light outside. 

(2) The absolute refractive index for any medium is always greater than one however 
the relative refractive index may be less or greater than one. 


[57 When a wave of light moves from medium (1) to another medium (2) for which 
n, 
the ratio between the absolute refractive indices is т > 1, what happens to each of 


the frequency, the wavelength and the speed of the wave? 


Ө, The opposite figure shows the transmission of a light 
* wave between two media С) and ©), what will happen меа МА 
to each of angle а and angle b if the angle of incidence Medium (2) 


increases? 


Q The opposite figure shows a red light ray falling 
^ ona semi-circular prism. Will the angle of refraction 


change if a blue light ray is used instead of the red 
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light? Explain your answer. 
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b: 
| 


Q The opposite figure shows the path of 
^a light ray falling from air on a glass block. Й 
Prove that: ф = 0, | ^ 


© In the opposite figure, two light rays intersect at a point on Screen 
la vertical screen. If a glass plate is put in front of the screen 
in the path of the two rays, will the two rays intersect on the 
screen? Explain your answer. 


(107 The opposite figure represents the path of a light ray which 
? is incident on a glass cuboid of refractive index Үз that 
is placed above a plane mirror until it emerges from the 
cuboid to the air, what is the thickness of the cuboid 
(ab or ed)? 


@ Study the following figures and answer: 
e 


(69) (2) (3) 


Which of these figures represents the falling of a light ray from a liquid having 
the following refractive indices? 


| (a) 1.5 (b) 1.3 (c) 1.6 


(12) In the opposite figure, two metal coins are put in emm 
* two cups such that one coin is put in an opaque cup 
containing water and the other in a similar empty 
| cup, so if you look at the two coins with а certain 
р inclination angle, you will sec a part of the coin — 
| which is put in the cup containing water and not see 


| 

| 
|| ; the coin in the empty cup, explain that. 
| 
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L—— — ——  New/Types;of questions 2) 
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First : Choose two correct answers in each of the following 


@ The UPPOSI ‹ 1 presents two perpendicular Mirror) A ; 
© plane miri ligh cident A / 
with an any 
mirror (A. so the ray wi 
a be reflected from mirror A with an angle of reflection 30 | 7 
b be incident on mirror (B. with an angle of incidence 30° "a im. — d 
€ be incident on mirror (B) with an angle of incidence 60° Mirror (9) = 


4 be reflected from mirror (B) with an angle of reflection 90° 
© not be incident on mirror (B) 


A light that has a speed vj, wavelength À, and frequency v, while travelling in a medium of 


LI © 


refractive index п, moves to another medium of refractive index п,, so if D < Dyp ee 


> 
P n n 
@ its speed becomes EN Y, (b) its frequency becomes EN vi 
n n 
(c) its wavelength becomes a, А (d) its speed becomes T v 
n 
(е, 15 wavelength becomes т> A, 
> 1 
Second: Put in iront of each of the following sentences the suitable number of the 
phenomenon that represents it: 
å ó Reflection J ог Refraction 
(1) In which the speed of light changes еве ) 
(2) Through which the path of the ray remains in the same medium. Costes) 


(3) In which the angle between the ray that has suffered from this phenomenon and 
the normal on the surface is always equal to the angle of incidence of the ray of 
that surface. (сељака ) 

(4) In which the angle between the ray that has suffered from this phenomenon and 
the normal on the surface sometimes equals the angle of incidence of the ray of 
that surface. 


(5) In which the path of the light ray may not change. [E ) 


(6) In which the path of the light ray may be changed by 1809. mod ) 


Chapter 


Properties of Light 


(Interference and Diffraction) 


Lesson Two 


| 
| 


The phenomenon of wave interference occurs when two waves that are propagating in 
the same medium and have been produced from two coherent sources (sources that have 


the same frequency, wavelength and phase) overlap (principle of Superposition) leading to; 


MEE | па НИМ | — & 
| A reinforcement in the intensity of A weakness in the intensity ofthe — : 
i the two waves at some Positions two waves at some other positions 

i “constructive interference” “destructive interference” 


As a result of 


The overlap (superposition) of a crest from | The overlap (superposition) of a crest 


‘one wave with a crest from the other wave from one wave with a trough from 
or a trough from one wave with a trough the other wave. 


from the other wave. 
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Displacement 


A 


Distance 


| 
| Wave E 


Displacement 


A 


Distance 


. Resulta 


Displacement 


| 
| 
| 
| 
| 2A 
| А 


Distance 


-2A 


Wave E 


Displacement 


A 


Wave 


Displacement 


A 


-A 


nt wave 
Displacement 
2A 
A 
0 
-A 


-2A 
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Distance 


Distance 


Distance 


B 


— 
Lightinterference E Am 


* To study the interference of light, we carry out the following experiment: 


оглас Young:s doublesslit Experiment 


Objectives: 
1. Proving the wave nature of light. 
2. Investigating the phenomenon of light interference. 


3. Determining the wavelength of a monochromatic (single wavelength) light. 
A screen 


i UNIT 


Apparatus: А double-slit barrier 
* A monochromatic light source so that the 
overlapping waves have the same wavelength. 


* A barrier with a rectangular 
narrow slit "S" positioned at equal 
distances from both slits S,, S, and qa 
at an appropriate distance from the Аво она S 
light source. light source 

* A barrier with two rectangular narrow slits (S, and 5,) to act as a double-slit 
separated by a distance d. 


* А screen to receive the interference pattern. 


Steps, observations and conclusions: 


a Observation 
агпег Screen 


Cylindrical 
waves 
| | M 
s-s 
Monochromatic | ! Central 
light source bright fringe 
Ay 


Schematic diagram of Young's double-slit experiment 


Chapter 2 


Т. When turning on the light source, the light waves | from slit S in the form of 


Lesson Two 


cylindrical waves, where: 
~ The continuous) curves represent wave crests, 
- The dashed i curves represent wave troughs. 

2, The two slits (5, 5,) are adjusted, so when the light waves reach them, they will be at the 
same cylindrical wavefront, so they act as two coherent sources, i.e. They produce two 
coherent waves having the same frequency, amplitude and phase. 

3. The two waves from S, and S, propagate Interference pattern : - 
beyond the double slit barrier and when lt is a pattern of bright fringes (maxima) | 


they reach the last screen, they interfere punctuated with dark fringes (minima) ; 


А : resulted fi $ positi Piha | 
with cach other and give a pattern of resulted from the superposition of the 


MAS i М light waves that are produced from 
interference (as shown in the previous 
two coherent sources, 


figure) and this phenomenon is known 
as the interference of light and it can be 
defined as follows: 
Interference-of light +- 
It is the phenomenon of superposition of the light waves that are produced from two 
coherent sources causing reinforcement in light intensity in some positions (bright 
| fringes) and weakness in light intensity in other positions (dark fringes), 


4. Measure the distance between the centers of two successive fringes (Ay) of the same kind 
(bright or dark), hence with knowing cach of Ay, R and d, the wavelength of the used 


light can be determined from the relation: Ay= AR 


Where: (A) is the wavelength of the used light, (R) is the distance between the double-slit 
barrier and the observation screen and (d) is the distance between the two slits. 


As studying Young’s double-slit experiment, we find that: 
(1) Conditions for the occurrence of light interference: 
* The used light source must be monochromatic. 


* Slit S must be at equal distances [rom the two slits S,, S, for making the double-slit 


work as two coherent light sources. 


~ 
= 


(2) The interference of waves is of two types: 


Constructive interference 


> Reinforcement in the 
intensity of the light in 
some regions (bright 
fringes) as a result of the 
overlapping of a crest of 
one wave with a crest of 

| another wave or a trough 


of one wave with a trough 
of another wave. 


It produces 


Destructive interference 


> Weakness in the intensity | 


of the light in some 
regions (dark fringes) as 
a result of the overlapping 


of a crest of one wave with | 


a trough of another wave. 


It diti > The path difference of the two 
а interfered waves = mÀ 


Where: m is the order of the fringe which is an 


$ 
s Slit (1) 
b 
Ё 
E 
с 
Slit (2) 
Nees 


bright fringe because the path difference 
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Slit (2) 


7. The two waves that have equal path lengths give the central fringe which is 


> The path difference of the two 
interfered waves = (m + D ` 


integer number (0, 1,2,....). 


Slit (1) 


ай 


always а 


at this fringe equals zero, so the interference 
becomes constructive. 
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The factors affecting) ИШЕ Еа ТЕ ЕЕЕ ИНЕт 0 


succesSIVENTringes оне сате пи 


1 The wavelength of The distance between vi 
the used light AY the observation screen | 
“directly and the double-slit | 
proportional”. barrier “directly | 

Ay) К ie proportional” 
os па TONES " 
Slope =— ӨРЕ 2А 
PLA Ug б еее 


The distance between the two slits 
“inversely proportional”. 


Slope = A(Ay) = № 


A4) 


-Note Н 


(1) In the following diagram: 


Path difference = 2. 
C Order (m) = 2 
Si 


Path difference = А, 
Order (m) = 1 


sat A Path difference = 0 
Monochromatic Central fringe 
light source “zeroth-order” (m=0) 
5 
l | 


*Point A represents the center of the central fringe (always bright), at which: 


The path length of the first The path length of the second 
wave resulted from slit S, wave resulted from slit S, 
S 
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| 
i 
t 


| 
| 
| 
|| 


| 
J] 


+ Point B represents the center of the first bright fringe, at which: 


The path length of the first Í The path length of the second wave 
wave resulted from slit S, resulted from slit S, by a value of X 


* Point C represents the center of the second bright fringe, at which: 


The path length of the first Ip! The path length of the second wave 
wave resulted from slit S, | resulted from slit S, by a value of 2 


And consequently, the path difference between two overlapping waves can be 
determined at the centers of the rest of interference fringes. 


(2) In Young's double-slit experiment, it is preferable to use a light of relatively long 
wavelength to make the distance between the interference fringes relatively large, 
hence the interference pattern becomes easier to be observed as shown in the following 
figure where 1, <А. 


(3) When increasing the distance between the double-slit barrier and the observation 
screen (R), the distance between the interference fringes increases according to 


the relation (Ay = — as represented in the following figure: 


Ay 2 Ay 
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1 the double-slit experiment: if = 
In experiment: if the distance between the two narrow rectangular slits 


was 0.15 пт, the dis "— Н 
j istanee between the double-slit barrier and the observation screen 


ras 75 em and the distance hetwoo х 
ne We distance between the centers of (wo successive bright fringes was 0.3 ст, 


val ан у 
caleulate the wavelength of the used monochromatic light source. 


Solution 


day _ 0.15 x 10° x03 x 10° 
Va = 25210 X03 X10 (x107 =( - Н 
R "Det ó m = 0.6 рт = 6000 А 


the observation screen is displaced away from the double-slit barrier, what will 
happen to the distance between any two successive dark fringes? 


The opposite figure represents the interference 
pattern of Young's experiment which was 
conducted with a light of wavelength 5000 Á 
and an observation screen at distance 120 ст 
from the double-slit. If the distance between 
the central fringe (0) and the fourth bright fringe (4) 
was 0.8 cm, calculate the distance between the two slits. 


R = 120 cm 


To find the distance between the centers of two consecutive fringes of the same type (Ay) 
using the distance (x) between any two fringes we use the following relation: 


x (Total distance) 
с4а М (Number of fringes) 


d 
-2 
a= AR _ 5000 x 1070 x 120х107 3 1074 m 


Y 2x10? 


Lesson Two 
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(Ox, 


Ç Test yourself. 


Solution 


By decreasing the distance between the two rectangular narrow slits (d = Xj) and 


The opposite figure represents a setup of 
the double-slit experiment, which of the 
distances that are drawn in the figure has 
fo be reduced to make the interference 
pattern become more obvious? 


(x, 
(Dx, x, 


-—Х, —— 


|_ 


according to the relation; (ay = A5). the distances between the centers of every two 


identical successive fringes (Ay) increases, hence the fringes become easier to be seen. 


=. The correct choice is (b). 


& 


0 Ж А monochromatic light of wavelength 66 x 1078 m fell on two slits of separation 
distance 11 х 107* m, so interference fringes were formed on an observation screen 


which was at a distance 1 m from the double-slit barrier, 
Calculate the distance between the centers of two successive fringes of the same type. 


[221] Choose the correct answer: 


(1) The opposite figure represents the interference pattern 


obtained in a double- 


wavelength À, so if 


slit experiment when using a light of. 
alight of wavelength 1.5 Л is used, the 


distance between the centers of the central fringe and the 


first bright fringe becomes · 


(20.5 mm 
© 1.25 mm 


(b) 0.75 mm 
(d) 1.5 mm 


2mm 


— Chapter 2 
m RN is = = - - – ace E, 


Lesson Two 


(2) Young's double-slit experiment has been conducted twice, one time using a red 


light and the other using blue light, while in both times the distance between the 
double-slit batrier and the observation screen was being changed, which of the | 
following graphs represents the variation of the distance between the centers of two 


identical successive fringes (Ay) versus the distance between the double-slit barrier 
and the observation sereen (R) in both cases? 


Ay Ay Ay а 
Blue light , Red light 
Red light 


Blue light ! \ Blue light \ Red light 


ка light Bits light 


diffraction 


When a monochromatic light is incident on a small aperture of a barrier or a circular aperture 
whose size is small compared to the wavelength of the incident light, a bright spot of light 
which is called Airy's disk appears at the center surrounded by alternated progressively fainter 
bright and dark rings. This phenomenon happens as a result of light diffraction. 


Aperture Screen 


Parallel . First 
monochromatic bright spot 
light 


Diffraction on a circular aperture 


© What happens can be explained as follows: 

When monochromatic light waves fall on a sharp edge or ona circular aperture of a barrier 

Whose size is small compared to the wavelength of the incident light: 

* They change their direction of propagation (diffract). 

° Each point on the wavefront of the wave passing through the aperture acts as a secondary 
light source that forms waves of the same wavelength and phase, 

* These waves interfere (superpose) with cach other behind the aperture giving diffraction 
fringes. 
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Diffraction fringes pattern - 


It is a pattern of alternate bright and dark regions produced due to the superposition of 


the diffracted light waves as passing from an aperture of a very small size or falling on 
a sharp edge. 


© The condition of a clear appearance of light diffraction: 


The wavelength of the light wave has to be close in size to the dimensions of the aperture, 
so if the aperture size is: 


1 ^ much larger than the wavelength of light 


“comparable to the wavelength of light 


The diffraction appears and becomes more 
clearer by decreasing the aperture size. 


The diffraction doesn’t appear. 


© From the previous, light diffraction can be defined as follows: 
Diffraction of light 


It is the phenomenon of changing the direction of light waves propagation through 
the same medium when they pass through a very narrow aperture or fall on a sharp edge 
in which the superponition of waves leads to the formation of bright and dark fringes. 


-Notes : 


1. The shape of the diffraction fringes depends on 
the shape of the narrow slit on which light is 
incident, so when light falls on a rectangular 
narrow aperture, it suffers diffraction and 
the diffraction fringes appear as a pattern having 
a central wide bright fringe surrounded laterally with progressively fainter and narrowet 
distributed bright fringes punctuated with dark fringes as shown in the figure 

2. The range of wavelengths of visible light extends from 400 nm to 700 nm which 
are very short wavelengths so that light diffraction doesn’t appear in our daily 


life because visible light needs very small aperture sizes for the appearance of light 
diffraction patterns. 


r 


3. From the study of light interference and light diffraction phenomena, it was found 
that there is no big difference between the light interference model and light 


diffraction model becausc each of them is a wave phenomenon which results from 
the superposition of waves. 


at 
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| A diffraction grating is an optical component made of a sheet having a large number of 


evenly spaced parallel slits that reaches 10000 slits separated by distances that could 
1076 m which produce a diffraction pattern, 


L 


In each of the following figures a wave encounters a narrow slit, so in which of these 
cases the most obvious diffraction pattern appears? 


| | | 
d ji T | 2d 
r3! 2 gl 4 [= 
Y Y 72x = t 
X x x р 
& ® © d 
Solution 
As the size of the slit through which the wave passes decreases compared to 
the wavelength, diffraction becomes more obvious. 
2. The correct choice is (c). 
q ~ 
У Test yourself- -—_- 


Choose the correct answer: 
Which of the following figures shows the pattern of light diffraction through a circular | 


aperture? 
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2 From the previous, we can compare between interference and diffraction as follows. 


Interference 


It appears when using a double-slit. 
Bright and dark fringes that are equally Central wider bright fringe surrounded by 
spaced are formed. 
Light intensities at the centers of the bright p Light intensities at the centers of the bright | 
fringes are equal. 


Diffraction 
It appears when using a single narrow slit, | 
less wide bright fringes are formed. 


fringes get dimmer as we get away at the — | 
wo sides from the central fringe. | 
t g E 


> The phenomena of reflection, refraction, interference and diffraction of light waves 


can be summed up as follows: 


(— 


Reflection 


Scientific 
concept 


Occurrence 


The bouncing of light waves in the same medium when | 
they meet a reflecting surface. 


3 Condition Тһе light w waves ss fall on a reflecting surface. 
-— The change in the direction of light path when it passes | 
Scientific һе separating surface between two transparent media 
concept which are different in the optical density. | 
Retraction At the boundary surface between two transparent media 
Occurrence which are different in the optical density. 
Condition The two transparent media have different optical densities a 
одай The superposition of light waves produced from two 
cientific coherent sources, producing reinforcement (bright fringes) in 
concept some regions and weakness (dark fringes) in other regions. | 
Interference Occurrence In the same medium when the light encounters 
а double-slit. 
- Using a monochromatic light source. 
то - Slit S a stä { : its 
Condition it S must be at equal distances from the other two slits 


(S,, S), hence the double-slit works as two coherent light 


sources, 
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ü оваа — о 
= 
—Ó]Á "EN = 
m^ Я 
The change in the direction of the waves path in the same 3 
Scientific Medium when passing through a narrow slit or an aperture 
concept whose dimensions are comparable to the wavelength of the | 
light waves leading to the superposition of waves and the 
Diffraction formation of af ight fringes and dark k fringes: 


Occurrence Ata slito ora а sharp edge i in nthe 5 same medium. | 


Condition The size га the slit must be near in size to ‘the avelenn 
of the light. J 


4 From the previous, the wave properties of light can be summarized as the following: 

1. Light rays propagate in straight lines in the homogeneous medium. 

2. They reflect when they fall on a reflecting surface, according to the laws of reflection. 

3. They refract when they travel between two transparent media of different optical 
densities, according to the laws of refraction. 

4. Light waves interfere when they meet other waves that have the same frequency, 
amplitude and phase producing regions of constructive interference (maxima) and 
regions of destructive interference (minima). 

5. They diffract in the same medium when they pass through slits or by sharp edges that 
have dimensions near in size to the wavelength of the incident light waves. 


Learn for leisure 


© Why do CDs reflect rainbow colors? 

- CDs are made of a reflecting surface coated by 
a transparent layer (thin film). 

- White light is composed of a range of different 
wavelengths (different colors). 

- When white light falls on a CD, each color refracts 
with a different angle in the thin film then they reflect 
on the reflecting surface of the CD. 

- When the rays of light reach the surface of 
the thin film they interfere with the white rays that 
are reflecting from the surface of the thin film. 

- Each color interfere with its similar color at the surface of the thin film and that leads 


to the formation of rainbow colors on the CD. 


- The same phenomenon happens in water and soap bubbles. 
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— á Properties of Light ae 
Questions on Ia, 
Lesson Two (Interference and Diffraction) ERES) 
sss, ERI 
The questions signed by 3l are answered іа ваай, | @ Understand OApplly eeHigher Order Thinking Skills Sd 
ү") 
21 Interactive ey 
Light interference 
@ The interference of light, is resulted due to ............. 8 
* те bouncing of waves © the deviation of waves 
(©) the superposition of waves @ the change of the speed of light 


e The double-slit in Young's double-slit experiment works as two coherent light 


* sources, in which coherence means that the two waves formed from the double-slit 
have the same ............. " 


(3) phase (b) amplitude (C) speed (d) direction 


Ө, In Young’s double-slit experiment, the widths of interference fringes don’t depend 
© Otis . 


(8) the distance between the two coherent sources 

(b) the distance between the double-slit barrier and the observation screen 
(c) the wavelength of the light emitted from the source 

(d) the distance between the double-slit barrier and the light source 


Ө, In Young’s double-slit experiment, the interference fringes widths increase when 
° (2) the distance between ће double-slit and the observation screen decreases 


| (b) the distance between the double-slit and the observation screen increases 
| (c) the distance between the two slits increases 


(d) the wavelength of the used monochromatic light decreases 


| й 


Ө Which of the following figures represents the interference pattern formed in a Young’s 
* double-slit experiment? 


Mo ии 
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Q In Young's double-slit experiment, which of the following figures, represents the graph of 
the distance between the center of the central fringe and the center of its following bright 
fringe (Ay) versus the distance between the double-slit barrier and the screen (R)? 


ri Ay Ay Ay 


R 
© © @ 
@ In a Young’s double-slit experiment, when increasing the intensity of the used light, the 
distance between the center of the central fringe and that of the first dark fringe ........... y 
@ increases © decreases © vanishes @ doesn’t change 
Qn a Young's double-slit experiment, the separation distance between the two slits was 
1074 m and the distance between two consecutive fringes of the same type was found 
to be 3.75 mm when they appeared on an observation screen at a distance 0.75 m from 
the two slits, so the wavelength of the used light equals = Я 
(9) 5000 A (6) 5400 А (©) 6000 А @ 6400 А 
[9] Æ The opposite graph shows the variation АУ(тт) 
T of the distance between the center of 8[-- 
the central bright fringe and the centerof 7 r1 
the first bright fringe (Ay) versus the «|204 
wavelength of the used light іп a Young's — 5| 
double-slit experiment (A), so if the distance 4 7 
between the observation screen and 3 
the double-slit barrier is | m, the distance 
between the two slits (d) equals i 
TR 100 200 300 E 300 600 700 500 ^n) 


(b) 107^ m 
(&) 105m 
(d) 1072 m 
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Ф Æ Ina Young’s double-slit experiment, if the distance between the two coherent Sources 
was 1.6 mm where the interference fringes were formed on a screen at a distance of 60 em 
from them such that the center of the third bright fringe was at 0.6 mm [rom the center f 
the central fringe, then the frequency of the used light equals ... 

(Given that: the speed of light in air = 3 x 108 m/s) 


G)408x105Hz — (5563x10^Hz (0) 4.74 x10"? Hz (7.08 x 10 


@ In Young’s double-slit experiment represented in | 
© the opposite figure, if R = 10^ d, then .. 
(0) ду= л (Б) Ay = 10* 
-tA EN ^ 
© Ay 2 10 @Ay= TD 
[12] Which of the following diagrams of Young’s double-slit apparatus will yield the best 
* noticeable interference fringes? 
— d — 
= 400 nm | A -500nm ја 
1m | 05m LJ 
(à) (b) 
| | | | 
3d 
= 450 пт Пола 7.=600 пп | 
| | 15т Ш 
@ 
(& 3K The opposite graph represents the variation Ay x 10-4(m) 
| 4 © ofthe distance between two bright consecutive 
| || fringes (Ду) versus the reciprocal of the distance 


| between the double slits (4 d 4), if the distance 
| between the double slit and the observation 


| 
| screen is 2 m, then the wavelength of the used 
| | light equals ............. & 


(а) 5х 10 m 


| m 
(82 x 10% m 200 400 600 800 1000 4 
(c) 107 m 


5x107 m 
© 
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n the opposite figure, the distance 
9 veni 
between the double slit barrier and the 


observation screen in Young's double-slit 


eneriment equals .... 2-16 
experiment eq А =500nm 
i0o4m (590.8 m 
| 
OL2m (d) 1.6 m 


(p The ratio between the width of the central bright fringe in Young’s double-slit experimen 


when using red light and its width when using violet light with holding the other fac 
constant 18 .............. à 
@ greater than one Byles anione 


© equal to one @ indeterminable 


@ Ж In Young's double-slit experiment, when using green light of wavelength 550 nm 
9 the separation between the centers of two successive interference fringes of the same 
type is 0.275 mm. When violet light of wavelength 400 nm is used, different fringes were 


obtained, then the distance between the centers of two successive interference fringes of 


the same type in the case of violet light equals .. 
@5 mm ®03 mm © 0.25 mm (d) 0.2 mm 


@ 35K In Young's double-slit experiment, if the wavelength of the used light is changed from 


" 400 nm to 600 nm with holding the other factors constant, the distance between the central 


fringe and the first minima increased by 0.01 mm, then the distance between the central 


fringe and the second maxima in the first case equals .. 
(8)001 mm (6) 0.02 mm ©0.04 mm (8) 0.08 mm 


( Æ In Young's double-slit experiment, if the distance between the centers of the fifth 
y 


bright fringe (maxima) and the central fringe is x, so the distance between the centers 


of the second dark fringe (minima) and the central fringe is ............. Я 


© х @ 2х 
93 @4x 
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© Ж Young's double-slit experiment has been conducted twice, ней 
? using a monochromatic red light and another using a monochromatic 
blue light while holding the distance between the double slits 
unaltered, hence the opposite figure represents the interference patterns 
obtained in both times. If the distances between the double-slit barrier 
and the screen in both cases are R, and R, respectively, then the ratio 


R 
(at) ise. Firstcase Second case 
@ greater than one (b) less than one © equal to one @ indeterminable 


@) Æ In Young's double-slit experiment, a red light of wavelength 6000 A fell on a double 


slit separated by a distance 2 x 107^ m, so an interference pattern appeared on a screen 
1m away from the two slits. If the red light is replaced by a violet light of wavelength 
4000 A with holding the other dimensions of the apparatus unaltered, what is the order 


of the bright fringe of the violet light whose center will appear at the same position as 
the second bright fringe of the red light? 


G1 $2 ©з @4 


ду The central fringe in Young’s double-slit experiment is formed due to the superposition of 
the two waves between which the path difference is ............ , 


(ОД) (+ (ОХ @22 


[22] In Young’s double-slit experiment, a monochromatic 
Н path difference between the two li 


light of wavelength A is used, so the 
ght waves at the fourth bright fringe equals ............ j 


(aj L3 1 
а) 7 € 74 (2X (d)4 X. 
[23] In Young’s double-slit experiment, а re 


difference between the two waves that are initiated from the double-slit to form a definite 


fringe on the screen js 9000 A, the formed fringe is 


@ the first dark fri i 
hi Е UE (b) the first bright fringe 
е second dark frin. 
ge (d) the second bright fringe 


[24] In a Young’s double-slit experiment 
e 
use a monochromatic source of 


green light 


; to obtai 


©yellow light @ violet light 
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[25] The opposite figure shows the centers of the interference fringes obtained 
о 


in a Young's double-slit experiment with a definite drawing scale. -- 
If position X represents the center of the central fringe and position Y 
represents the center of the tenth bright fringe, the center of 

the fourth bright fringe will be at position 

WA A B 

(oc «DD 


e The opposite figure shows the centers of the interference [ 
fringes obtained in a Young’s double-slit experiment with | 
a definite drawing scale. If position X represents the center —- 
of the central fringe and position Y represents the center of | 
the second bright fringe, the center of the second dark fringe 
will be at position ............. Е 


A (5 
(c фр 


[27] Æ Suppose that а Young's double-slit experiment is conducted in water instead of air 


** using the same apparatus with the same geometrical arrangement, so the interference 


fringes с " 
(8) become fewer (b) become wider (с) become thinner (d) won't appear 


[28] In a Young’s double-slit experiment, the width of a bright fringe was Ay, if the experiment 
* is repeated with immersing the whole apparatus in a liquid of refractive index n without 
disturbing its geometrical arrangement, the width of the bright fringe will be ............. i 


A 
@ ду (b) лду o OL 
Light diffraction 
® When a light wave passes through a slit that is narrow relative to the wavelength of light, 
the property that changes for the wave is «s " 
(а) ће ѕрееа (Б) the wavelength 
fc) the frequency (d) the direction of propagation 


fall on different apertures of different sizes, it 


[30] When light waves expected that 
the diffraction of light will be most observable if the aperture size is ............. 


@1m (b) I0? m (c) 10? m (d) 10? m 
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[31] The following diagram represents a given range of the electromagnetic spectrum: 
X-rays a Infrared m 
wüves k waves 


Visible light waves 


So, which of the following electromagnetic waves gives a more apparent diffraction When 


it passes through a narrow slit? 
а) Infrared waves (b) Microwaves 
(c) Ultraviolet waves (d) X-rays 
[32] The opposite figure represents a house Radio 
^ below the level of the hill top receiving S | | | А | | | 
radio waves, so the reason which lets \ 


these waves reach the house is the 


phenomenon of ............. à 
(a) diffraction 

(b) interference 

(c) refraction 

(d) reflection 


[33] It is difficult to observe light diffraction in daily life because of ............. , 
| t (@) the high speed of visible light 
(b) the small frequencies of visible light 
(©) the short wavelengths of visible light 
(d) the high intensity of visible light 


[34] Which of the following diagrams represents correctly the phenomenon of light diffraction 
" when light falls on an aperture? 


| х | 
"p 1G E "p 
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he opposite diagram represents a waves; ge 
[5] Th PP 8 рО а Wavefront Barrier 
* of alight wave when passing through | У 


p 


an aperture, which of the following changes 
in the aperture size and the wavelength of light ној и 
could make the diffraction more obvious? 
| Aperture size Я | aa 
= Ape ure siz Wavelength Direction of wave propagation 
@ Breast "id 
(p Decreasing | 
rie | 
© Increasing | | 
(d) Increasing | Decreasing | ~ 
9 The property of light waves which doesn’t get affected in both phenomena of refraction and 
diffraction is .. 


(2) the propagation (b) the speed (©) the wavelength — (d) the frequency 
& The opposite diagram represents a Young's 
^ double-slit experiment, what are the light | 
phenomena that occur at both positions of X and 5,7 SI 
Position X Роѕійоп5 | | | x 
5 
(2) Diffraction Diffraction | 
(b) Interference Diffraction 
(9 Diffraction Interference 
Q Interference Interference 


[second] Essay questions 


9 How to get a high noticeable interference pattern in Young's double-slit experiment? 


Explain your answer. 


9 What are the types of interference at points A and B? 
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UNIT 


Q9 Young's double-slit experiment is conducted by using red light, what happens to 
^ the distance between the formed interference fringes, if: 


(a) the distance between the slits is decreased? 


(b) blue light is used instead of red? 


(c) the frequency of the used light is decreased? 
| (8) the observation screen is displaced away from the slits? 


| Ө In Young’s double-slit experiment: 
| ^ (а) What did Thomas Young confirm by this experiment? 


| (b) Why did Thomas Young use a monochromatic light? 


| (c) How did Thomas Young get two coherent light sources from one source? 


| [5] Explain the following statements: 

| id (1) The central fringe in Young's double-slit experiment is always bright. 

| (2) Light diffraction has not been observed when a monochromatic li ght waves fell on 
a circular aperture. 

(3) There is no big difference between the phenomena of interference and diffraction 


of light. 


[6] A double-slit is lighted by а blue light, so bright and dark fringes are observed as shown 
^ inthe following figure what is the wave phenomenon which makes these frin ges appear? 


[7] Write (changes), (constant), (is formed) ог (is not formed) in front of each of 
© " б H 
the following properties of light: 


/— P 
Direction | Frequency Wavelength | Speed Dark Propagation 
fringes medium | 


Reflection 


Refraction 


Interference 


C Diffraction 


“<= = v) 
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First : Choose two correct answers in each of the following : 


@ The opposite figure represents Young's double-slit 
experiment, so which of the following choices lead 


to decreasing the distance Ay to half its initial value? | 


(a) Increasing distance R to 2 m. а! 
r Я d=1 A 

(b) Decreasing distance R to 0.5 m. nn | | 

(€) Increasing distance d to 4 mm. 


(d) Decreasing distance d to 0.5 mm. acm 


(€) Increasing distance d to 2 mm. 


@ The opposite figure represents the phenomenon : 
rj Barrier 
of diffraction for a light of wavelength А and r1 


E í , " Light aa 
increase the resolution of diffraction, we should soude 


frequency v through an aperture of size d, so to | ) 


use .... 


(а) а light of frequency less than v 
(Б) а light of frequency higher than v 
(c)a light of wavelength less than A 
(d) an aperture of size less than d 


(е) an aperture of size greater than d 
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аай е 
Second: Put in front of each of the following sentences the 2071 number of 
the region that represents it: 
СЯ Region ~~ 
© Ы." 
Properties that Properties that 
characterize characterize 
interference diffraction 
Properties that are common 
between them 
(1) To occur, it needs a barrier with two or more slits (Region ...........) 
(2) It can occur through a narrow single slit (Region ...........) 
(3) It produces bright and dark fringes (Region ............ ) 
(4) It doesn't lead to changing the frequency or the wavelength of light (Region ..........; ) 
(5) In which the distances between the bright fringes are almost equal — (Region ......... ) 


(6) In which the central bright fringe is known as Airy's disk (Region ......--» 


travelling roads seem 

to be Covered with 
Water during the 
noons of summer? 


Chapter 
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© Light refraction can be used to explain the occurrence of 
two phenomena which are : 


- The total internal reflection. s7 \ — 


- The deviation of light in a triangular prism. 


- In this lesson, we will study the total internal reflection of light in some detail. 


Total internal reflection 


© Occurrence: 
- When a ray of a monochromatic light falls from an optically denser medium 
(such as water) on the boundary surface with an optically less dense (rarer) 
medium (such as air), there will be some possibilities : 


i ће angle of incidence equals zero 
@ (те light ray falls perpendicular on 
i the boundary surface ( = 0)) 


The light ray passes into the optically rarer 
medium (air) without any refraction (0 = 0) 


H 
i! If the angle of incidence is increased 
о slightly to be greater than zero (the 
light ray falls at an angle on the 
boundary surface (ф > 0)) 


The light ray passes into the optically rarer 
medium (air) refracted away from the normal on 
the boundary surface where : n, sin 0 =n, sin 0 


EA The angle of refraction (0) in the optically rarer 
[3] By increasing the angle of incidence medium (air) increases gradually as: 
3 of light gradually n, sin @ =n, sin Ө 
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hen the angle of incidence reaches The light ray gets refracted tan gent to the | 
When the a 


[4] definite value that is known as the boundary surface Le., the an 
a 


critical angle (6,) the light ray (0) equals 90°, 


gle of refraction of 
50: n, sin DELI 


2 


| The light ray gets reflected back in the optic 
! incidence becomes ally 
6 When the angle OF е ыі denser medium (water) so that the angle of 
Р angle 
greater than the critical ang © incidence = The angle of reflection 


Boundary 
surface 


Denser 
medium 
(water) 


Monochromatic 
light source 


7X From the previous, we can define each 


of the critical angle between two media and 
the total internal reflection as follows: 


The critical angle between two 
It is the an gle of incidence of the li 
the denser medium which leads to 


media (69: ------ 
£ht ray in 
а refraction 


i; denser medium When it is incident 
angle of 90° in the rarer medium, i 


ptically denser medi 
2)» Snell’s law is applied ; 
n sino =n, sind 


medium (n 


the critical angle (0) between the two medi 
tangent to the boundary surface: 


“o=o, , 6290» 


a, it gets refracted 


<“ n, sin >, =n, sin 90° 


$ 
^D sing, = n, 


If the rarer medium is 


Air m, Tau 1) 


the denser medium (n > 1). 


* (0,) is the critical angle of the medium 


with air. 


а 


Note: 


Not air 


_ So, 
x | | 
преп » nsinġ =! n sin >, =n, | 
1 v LS n, у A sin (CR n 
фт sng =т= bmi, n, MEI 
2 | 1 2 8 
Where 
* (n) is the absolute refractive index of *n,>n, 


* ф, is the critical angle between 
the two media. 

* (6), is the critical angle of the first 
medium with air. 

* (0), is the critical angle of the second 


medium with air. 


e Knowing that sin ф is always between 0 and 1 (0 « sin [A « 1), so when calculating 
the critical angle between two media, the value of the quantity in the numerator must be 
always less than the value of the quantity in the denominator. 


d factors on which the critical angle between two media depends : Д 


€) The types of material of 


e The wavelength of the incident 


the two media light ray 
Illustration 
П ! 
i | 
| || 
n=l Air | Air || 
Glass о Glass | 
= ; 41.8 1 4114? 
n=15 / Y / T 
Light ray Red light 
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M 
| || 
| | | 
ne Air | Air | : | 
Glass ! 
Water 1 | L | 
= 488° ! 41.06 
п= 1.33 2“ € y | 
Light ray Yellow light 
| 
| 
| || 
133 | | 
a Water | Air | 
Glass 1 Glass ! Е 
п= 1.5 sA 5 / Vas 
L Ц 
Blue light 
—— 


If the absolute refractive indices of glass and water for a given monochromatic light ray 
are 1.6 and 1.33 respectively, calculate: 


(a) The critical angle for each of them with air. 
(b) The critical angle for the incident light ray that travels from glass to water. 
Solution 


(a) The critical angle between glass and air: sin (Ф. ЈЕ zd. 


n. 16 
(9. 2), = 38.68° 

The critical angle between water and air: sin (6), = = 15 
(ф), = 48.75* о 


(b) n, sin 6, =n, sin 90 
sino, = == 138 
$, = 56.23° 


i | shorter wavelength, what happens to the critical angles for each of glass and 


What | the used light in this example is replaced by another monochromatic light of 
a f j water with air? 
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The speeds of propagation of a light wave through two different media (x and y) 
are 2 х 10“ mis and 2.75 x 10? nils respectively. 
Calculate ihe critical angle between the two media 


Solution 
Q, Clue 

dm i Light travels with the lowest 

speed through the medium of 


ао П X. 2xi0 й BA 
sin , eU CEU T FF а the highest refractive index. 


B Vy 275 108 
$, = 46.669 


Wh ^ you are asked to calculate the ratio between the critical angles of light for each 
| at 


: ), 
| if | of the two media with air —— 
T j 


(6), 


, what will be your answer? 


A piece of diamond was placed at the bottom of a wide basin filled with water for a height 
of 1 m, calculate the smallest diameter of a cork disk that while floating on the water 
surface will be enough to block the reflected light by the diamond from emerging out of 
the water surface. (Giving that : The absolute refractive index of the water = 1.33) 


Solution 


а, Clue 
The smallest disk that can block the reflected light from the diamond has to be put 
on the water surface in such away that its center is directly above the diamond 
piece and the angle of incidence of the light rays which reach the edge of the disk 


is equal to the critical angle. 


Cork disk 
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RM "E 
дате паў d ^0, 48.75 . m — 
5 tn4875- => , те! Ат 


7. The diameter of the disk = 2 r = 2.28 m 


> 
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__) the height of water in the basin gets increased, what happens to the required 
kw lock out 


diameter for the cork disk that has to float on the surface of water to b 
the reflected light from the piece of diamond? 


The opposite figure shows a light ray falling on a transparent 


Slab at point x and emerging tangent to the other face at point y. 
Calculate the refractive index of the transparent slab. 
(Giving that : sin (90 — 8) = cos 6) 

Solution 


e] 
sin Ө 
_ sin 60 
7.7 sin6, © 
From the figure, we find: 
b, =90 – 9, 
2l 1 201 
77 Sin $7 sin 090—0) ` cos 6, © 
From © and © Я 
sin60 1 
sin 9, ~ cos 9, 


5іп Ө 


1 m 
cos 8, = tan 6, = sin 60 


7. 0, = 40.89° 
By substituting in equation Ө; 


sin 60 
~ sin 4089 — 182 


5 


The opposite figure shows the path of alight ray 
through three media k, l and m that have refractive 
indices пр ny and п „ respectively, so -----------:- 


(n»n 7n. (5) n, » nj» n, 
(n, » n» ni (D nj» n, » n, 
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Solution 


The incident light ray on the boundary surface between the two media k and l gets 
refracted towards the normal. 
np n. 
- The incident lig 
refracted tangent to the sur: 


between the two media ( and m gets 


>п 

- Applying Snell’s law at the boundary surface between the two media К and l; 
n, sin =n; sin Ө © , 

- Applying Snell’s law at the boundary surface between the two media ( and m : 
nsin Ө =n sin 90 =n, © 

From the two equations (1) and (5) : 

"n sing =n, vsinó«l Tana 

~<. The correct choice is (a). 


Маё | the light ray passes directly from medium k to medium m and falls with the same 
if angle of incidence (ф), what happens to the path of the light ray in medium m? 


1 ? 

Ç Test yourself — —— - R 

@ A light ray fell from glass on the boundary surface with water, so its wavelength 
changed from 5000 А to 5625 A, calculate the critical angle from glass to water. 


[2] If the critical angle of glass with air is 41.81° and the critical angle of oil with air is 
43.23°, calculate the critical angle of glass with oil. 


E Choose the correct answer : 
(1) In the opposite figure, which angle is 
representing the critical angle? 
| @ Angle (1) 
© Angle (3) 


(6) Angle (2) 
@ Angle (4) 
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(2) The opposite figure shows three 


transparent media (Т), (2) and (3), so if 


à light ray passes as shown in the figure, 


what will be the correct order of light 


| speeds through these three media? 


vi» V3» V3 (D v» v4? уз 


(d v4» v5» v 


Applications о the total пеегпа те есиол он оне 


а 
Optical fibers (fiberoptics) Reflecting prism 


у> уз> Yi 


E optical fibers (fiberoptics) | 


© Structure: 


It is a thread-like tube of a transparent elastic 
material, which has a relatively high refractive index. 
© Idea of working: Total internal reflection. 
| © Explaining the idea of working: 


Light source 


f^ When a light ray falls on the internal 
[1] surface of the optical fiber with an angle 
| of incidence greater than the critical angle, 


The light ray undergoes multiple successive total Y 
© internal reflections till it emerges from the other 


end without any noticeable loss in the light intensity 
l despite of bending this fiber. 


PLAT SPN ITT 
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© Uses: 
1. Transferring light to parts which are hard to reach. 
2. Transmitting light in non-straight paths without much losses in the light intensity. 


3. They are widely used nowadays in medical examination 


devices such as medical endoscopes, which are used in: tme 
- Diagnosis. ( 
- Operative surgery using laser beam. м 

4. Communication as light can carry signals of data in optical CN 
fiber cables. 


Note: 


* Optical fiber that are made of two layers are preferred to the optical fibers that are 
made of only one layer; 


Because the refractive index of the material of the external layer (n,) is less than that of 
the internal layer (n). 


Hence, the external layer reflects any part of light that may escape from the internal 
layer by total internal reflection so that light is kept travelling inside the fiber. 


Light source 


Accordingly, the intensity of the transmitted light by the optical fiber can be kept 
constant, which increases the efficiency of light transferring. 


E Reflecting prism 


© Structure: 
A triangular glass prism whose angles are 45^, 45? and 
90? that is made of glass of refractive index 1.5 
ће, its critical angle with air is 41.8? (= 42°). 


© Idea of working: Total internal reflection. 
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© Usage: 


D Changing the path of the light ray by 90° 


The ray passes straight and falls 
Ө on the face (AC) opposite the right 
| РИ" angle by an angle of incidence 45°, 
When a light ray is incident i.e., with an angle that is greater 
© normally on one of the V, than the critical angle of glass. J 
adjacent faces to the right Bie 
angle of the prism (AB for 
instance). 


The light ray gets reflected 

totally by an angle 45°, then 
Ра the reflected ray falls normally 
Й on the other adjacent face to 


the right angle (BC). | 
\ then a. 


The ray emerges straight 
O fom face BC with an angle 
\ of refraction that equals zero. 
еа" 


(2) Changing the path of the light ray by 180° 


When a light ray is incident 
The ray passes straight to fall @ normally on the face (AC) 
on one of the adjacent faces opposite the right angle. 
to the right angle (AB for 
instance) by an angle of 45°, 
i.e., with an angle greater than à 
А An 
„ the critical angle for S * 2 » 


The ray emerges straight 
from face AC with an 
angle of refraction that 


The ray gets reflected 


@ totaly for the second 
Ө ime and falls normally 
on the face (AC) 


! 
face (BC) to the right angle | 45% z d gl 
osite the right angle. 
\ with an angle of 45°. ^ B i GIN opposi the ight mgl 


< 


The light ray gets reflected 
Ө totally by an angle of 45° 
to fall on the other adjacent 


RE o Chapter 2 2 
= 
x From the previous, we can compare the two uses of reflecting prism as follows : E] 
2 
== То change the path of ‘To change the path of 
The prisms the light ray by 90° the lipht ray by 180° 
face on which 
the light ray One of ihe right-angled [aces The face opposite the right 
falls (face AB) angle (hypotenuse AC) 
The angle of 7 7 
err ero Zero 
incidence ($) — F 7 | 
The deviation o | 
C angle of light 90 - | 
| 
The angle of ray Zero Zero | 
emergence 
| 
ПЕТ 
The prism’s face The other face of the The same face of light 
Homuwhiehiühe right-angled faces (face BC) entrance (hypotenuse AC) 
(light ray emerges 8 8 oP 
The number of 
total internal One time Two times | 
reflections | 
inside the prism 
An optical 
instrument that 
uses the prism 
Реғіѕсој Bi l 
C eriscope inocular 2) 
N otes: 
1. Reflecting prisms are preferred to metallic reflecting surfaces or mirrors in some 
optical instruments for the following reasons: 
® Because they reflect light totally while there is no other reflecting surface of 
efficiency 100%. 
@ In addition, a metallic surface eventually loses its luster, hence its reflection 
efficiency decreases, this does not happen in a prism. 


159 


UNIT 


Е = M muere Ro eee ILL. 


2. The faces of a reflecting prism are coated with non-reflective layer of a material like 
cryolite (aluminum fluoride and magnesium fluoride) whose refractive index is less 
than that of glass. 

Thus, the critical angle between glass and cryolite becomes small to avoid any 
reflection losses on the faces of the prism and increase its efficiency. 


E virage 


© Mirage is a common phenomenon at the noon 
times during the very hot days, for example: 
1. Car drivers see the roads as if they are covered with 


water. 

2. Hills and palms appear as inverted images such as 
the image formed due to reflection on water surface. 
So, the observer thinks that there is water and this 


phenomenon is known as mirage. 


© Explanation of mirage phenomenon: 
- In extremely hot days, the temperature of air layers adjacent to the Earth’s surface increases 
so that their density decreases more than the upper layers. Accordingly the refractive index 
of the upper layers (ny become larger than that of the lower layers (п,). 
- When a light ray that is coming from an object passes from the upper air layers 
(optically denser layers) to the lower air layers (optically rarer layers); 
(D It refracts away from the normal according to Snell’s law, where : n, sin > =n, sin ө 
@ The deviation of the light ray increases as it passes through air layers inking a curved path. 
(3) When the angle of incidence of the light ray in one layer becomes greater than the 
critical angle with the following layer, the light ray gets reflected totally till reaching 
the observer's eye, hence the eye sees the image (the tree) inverted on the extension of 
the light rays that reach the eye as if it is reflected on water, so the observer thinks that 
there is water on the ground. 


Chapter 2 


у И 
| Test yourself 


. Choose |: 


[0 Ж Тће opposite figure represents two ref 
prisms. When a light ray (x) is incident perpendiculz 


face BC, the ray emerges from face 


(a) AC 
(c) EF 


2] In the opposite figure, а light ray passes through 


ec 


one of two similar triangular prisms D and | 


of different materials, so what is the relative 


>) 


refractive index between their materials ( 19)? 


(2) 0.6 
(€ 0.9 


b OS 


d 1.67 


| 
Light ray || k „“ 


с ВЕ 


B——- 


а ee = 
N Q 
35) у PAO ет 
о \ 
c \ 
D N 
4 N 
\ 
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Questions on 
Lesson Three 


The questions signed by 23 


о The total internal reflection for an incident light ray from an optically denser medium to 
^om optically rarer medium occurs when the angle of incidence РУЙ . 
кај equal to 90° (5) greater than the critical angle 


\© equal to the critical angle @less than the critical angle 


e The opposite figure represents four incident light rays 
on a semi-circular glass prism whose refractive index 


Q) (1) 


is 1.5, which of these rays undergoes total internal 6) m 
reflection? 

® Ray (1) (5) Ray (2) Lu 
ORay (3) G)Ray &) wr 


9 The opposite table shows the absolute refractive Refractive index 
indices of three materials x, y and z, hence total 
internal reflection could happen when light 


travels from ............. š y 1.33 


(@) material x to material у 2 15 


fp, material x to material z 
/c material y to material z 


fd material z to material y 


[4] The figure that represents the correct path for an incident light ray on a semi-circular 
* " 1 n 
glass prism in which the angle $, equals the critical angle is ............. . 


Wo A ма NE 


(b) 


Questions on Chapter 2 


E 
i Te = 
= 
= 
Ө In the opposite figure, if the angle of Medi | 8 
ae Medium x Н 5 
* incidence becomes 45°, which of Medium y 2 = 
à " 42 
the following figures represents 4 
the correct path of the ray 7 
Medium x — j/ Medium x Mediumx i 7 Mediumx — 1 
Medumy 22 Mediumy 72: Medium y 2 ae Aes 
s 43 ce 43 45 


@ © © @ 
[6] The largest angle of refraction for a light beam passing from water of refractive 


ri 4 
index 3 to ајг Бо 3 


(8) 41.82? © 48.599 (c) 90* @ 180° 


@ The critical angle between two media depends on ............. . 
, (2) the absolute refractive index of the optically denser medium only 


(b) the absolute refractive index of the optically rarer medium only 


(с) the absolute refractive indices of the two media 
(d) the angle of incidence of the light ray on the boundary surface between the two media 


[37 Which of the following figures represents the graph of sine of the critical angle (sin ,) for 
' multiple transparent materials surrounded by air versus the absolute refractive index (п) for 


each of the materials? 


sin bg sin $c sin óc sin фе 


@) ® © @ 


(9) Æ A light ray falls from air on a liquid surface. If the angle of incidence is 30? and the 
angle of refraction is 22°, then the critical angle for the ray when it passes from the liquid 


to air ин $ 
(6) 309 (c) 41 4* (d) 48.5? 
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Questions on Chapter 2 


Lesson Three 


@ Three transparent materials have absolute refractive indices n., ny and n,, a light ray is 


id i i [ [ : А " . - 
** incident on the interface of each of them with air as represented in the following figures, 


ATOT T [T] 
| SEER ONU МЕ L 
= Ли ! Air 
БАН ! dedium x | | Mediu yl 
| AM 
| I | 
@ (b 
so, the speed of light 
(3) is higher in medium x (b) is higher in medium y 
(€) is higher in medium z (d) is the same in all of them 


[28] 3K The opposite figure shows the paths of 


two light rays, so what is the correct order 
for the absolute refractive indices of the 
three media x, y and z? 

(9) n, «n, «n, (5) n, «n, «n, 


(© п, «n, «n, (8) n, «n, « n, 


® Ж A lamp is submerged in a liquid of refractive index 2 at a depth of 20 cm, then: 
"* (i) The radius of the smallest floating disk on the surface of the liquid which is enough 
to block the light of the lamp is ............. P 
(8) 0.05 cm (5) 0.7 cm 
(с) 20 cm @ 40 cm 
(ii) If the depth of the lamp is increased under the liquid surface, then the radius of 
the disk needed to block the light of the lamp should ............. . 


(а) increase | (b) decrease 
©) remain constant @ no correct answer 
critical angle from glass to gasoline is and 
QS 15, > Праве Pater PE 07 g glass to g ($2, 
x . n 
the critical angle from glass to water is (ф,),, the ratio $ енн : 
2 
(8) less than 1 © greater than 1 
© equal to 1 @ indeterminable 
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(317 Æ A light ray is incident on a square glass slab as in the figure, 


TS ^ 
then the refractive index of the glass that makes the ray emerges 


tangent to the vertical face (xy) of the slab equals , "s 
(Where: sin (90° — 0) = cos 0) | 
0.816 (b 1.15 " 
(1225 (d) 1.375 


(32) Æ A light ray is incident on a semi-circular glass prism whose refractive index is 1.5, 


Which of the following diagrams represents the correct path for the incident light ray? 


e In the opposite figure : 


(i) If the refractive index of the prism is 1.5, 1 
the incident ray on face ab ............. . 
(&) emerges with an angle 45° 

(b) emerges with an angle 60? N 
(C) emerges with an angle 90° 3 у 
@ undergoes total internal reflection 

(ii) If the refractive index of the prism is [2 » the incident ray on face ab 
(а) undergoes total internal reflection 
(c) emerges with an angle 82° 


(b) emerges with an angle 60° 


(d) emerges tangent to that face 


[34] In the opposite figure, what happens 

е " : . 
for the light rays when increasing 
the angle of incidence ф? 
(3) Ray xa suffers a total internal reflection at point a. 
(b) Ray bc suffers a total internal reflection at point c. 
© The intensity of ray bz increases. 
(d) The intensity of ray bd increases. 
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Questions on Chapter 2 


Ө Which light color has the least value of critical angle in glass surrounded by air? 


Lesson Three 


• ax 
QU Red h Green * Yellow d; Violet 


@ А beam of white light is incident on the 


W boundary ] 
E 


* surface between glass and air as shown in the opposite m S oo 
figure. hence the green light gets refracted tangent to РА 
ght g g ] 
ar Sue а ! 
the boundary surface, so the light rays that emerges ; / 
White light 


into air are the rays of colors ............. . 
@ yellow, orange and red 

® violet, indigo and blue 

(€) red and blue 


@ yellow and violet 


@ A light ray is incident with an angle of incidence 60° 
into an optical fiber of material refractive index 1.68, 
so it gets refracted as in the opposite figure. 

What happens to the light ray at point c? 


(8) It undergoes a total internal reflection 
by an angle of 58.97° 

(b) It undergoes a total internal reflection 
by an angle of 49.24? 

(C) It gets refracted by an angle of 45.25? 

(d) It gets refracted by an angle of 36.527 


& The opposite figure represents the path of a light ray 
" through two triangular prisms (1) and (2) of different 

materials that are placed completely adjacent to each 
other, if the refractive index of the material of prism (2) 
is 1.55, the refractive index of the material of prism (1) 
equals ............. $ 
@227 
(5222 
(2.19 
(82.14 
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UNIT 


© 


Three layers of transparent materials (M, L, K) through 
which a light ray passes from material K towards M 


material M as shown in the opposite figure, if the light ТРЕТ EN as. 
source is moved from position (T) to position (2) such 

that the angle a gets increased, the light ray when it E E 
falls on the boundary surface between material L and © v. | У 
material M will ............. s ~ 


(a) be refracted towards the normal 
(b) be refracted away from the normal 


© be refracted tangent to the boundary surface 
@ undergoes total internal reflection 


Ф A light ray ab is incident from medium (Т) whose 
refractive index is n towards medium @ whose 


пио. ia ; y 
refractive index is less than n as represented by the rt 
drawing scale shown in the figure, so if the critical Mbdüm(2)| |b 7 
angle between these two media is 26°, the light ray Medium 


will pass from point b to point à 
a k X 

Әх Oy 

©z @k 


@ The opposite figure shows a light ray falling = 
^ from medium A of refractive index n on the 1 
boundary surface with air, hence that light ray 
can not pass by point .............. 
(2x 
Dy 


= 
©z 


(d)k 


@ Ж A light ray falls from glass on the boundary surface with air at an angle of incidence that 
9 


equals the critical angle, so it gets refracted tangent to the glass surface. If a layer of water is 


placed on the glass surface, then the angle of emergence of the ray to air equals ........... + 
(Given that : the refractive index of glass = 1.5, the refractive index of water = 4) 
@ 42° (5) 48° © 62° @ 90° 
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Questions on Chapter 2 


@ Explain the following statements: 


Lesson Three 


(1) Despite the falling of a light ray from an optically denser medium to an optically rarer 


medium. it doesn't undergo total internal reflection 

5 sa listit is enitiedin 

(2) When light is emitted (rom а source beneath the surface of water, it mig (be seen 
in air. 


(3) Optical fibers аге used in medical endoscopes. 
(4) Prisms are preferred to mirrors as reflectors in some optical instruments. 


(5) The appearing of mirage in hot deserts. 


Q Four light rays are emitted from a light source under the surface of a liquid of refractive 
1 index 2. If the first ray falls perpendicularly on the surface of the liquid, the second 
falls at an angle of incidence 30°, the third at 45° and the fourth at 60°, describe what 
happens for each ray. 


[3] The opposite figure shows a light source 


Region (b) | ,. r ; Region (а) 
** at the bottom of a water container. па Pightemeneuceregn p.c 
y! H p^ 
(a) Why doesn’t light emerge from regions i H i 
(a) and (b)? RJ 
Water 


(b) Calculate the value of the angle 0. 
(Where: The refractive index of water = 1.33) 


[47 In the opposite figure : 
* An optical fiber is coated by a thin film whose 


refractive index is less than that of the fiber's core. 
If a light beam passes through it as shown in 

the figure, explain why: 

(a) the direction of the beam does not change at each of S and P. 


(b) there is total reflection at each of Q and R. 
(c) the double layer in the optical fiber is preferred to that of a single layer. 


Ө, The opposite figure shows two reflecting prisms where 
prism (2) is coated with a transparent thin film of 
another material. 
(a) What could be the type of the material of the thin film? 
(b) Which of the two prisms is more efficient? 
And why? о) (2) 
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UNIT 


Q The opposite figure represents two reflecting 
prisms. If a light ray falls perpendicular on a face 
of one of them, trace the path of the light ray until 


it emerges from the other prism. 


9 The opposite figure shows a right angle isosceles 


s triangular prism where three different colors of light o ЯА Nus 
rays fall on one of the adjacent faces to the right Blue 
angle. So, if the yellow ray emerges tangent to TN 
the opposite face of the right angle, trace the path 


^ 
of the other red and blue rays, with explanation. Yellow 


© The opposite figure shows a light lamp which is placed at 
* the bottom of a container under two layers of different liquids. 
The refractive index of the lower layer is 2 while the refractive 
index of the upper one is 1.5. A light ray falls from the lamp on 
the boundary between the two liquids at an angle of incidence 35°. 
Trace the light ray and show if the ray will emerge to the air or not. 


[9] Three light sources were placed away from each other at the bottom of water basin the 
^^ first source gives yellow light, the second gives red light and the third gives blue light. 
When the three sources are switched on, three circular light Spots of different areas have 
appeared on the surface of water. Arrange the sources ascendingly according to the area 
of the spot circle and explain why each light source has different Spot circle area. 


[10] The opposite figure shows a light ray that travels 
Š through medium 1 then falls on the boundary surface 
between the two media (1, 2) where it enters medium 2 
and falls on the boundary surface between the two media 
(2, 3) at an angle that equals the critical angle for them: 
(a) Calculate the value of angle ф. 


(b) Does the ray pass into medium (3) if the value of 


the angle $ increases? Explain your answer. 
(Note that: sin (90? — Ө) = cos Ө) 
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First : Choose two cort in each of the following 


WwW 
Qvo triangular prisms (P and (2) al different materials are | 2d 
е placed tightly adjacent to cach other, so when a light vay 

passes towards prism (2) whose material absolute refractive © 
index is 1.35, the ray follows the path shown in the opposite i | 
figure, So... eee Н | 
(а) the absolute refractive index of the material of prism (1) = 1.76 
(b^ the absolute refractive index of the material of prism (T) = 2.1 
© the relative refractive index from material of prism (1) to that of prism (2) = 0.64 
(8) the relative refractive index from material of prism (1) to that of prism (2) = 0.766 


(€) the relative refractive index from material of prism (Т) to that of prism (2) = 1.6 


Qn the following cases a light ray falls on the boundary surface between two media. 


If angle ф is greater than the critical angle between the two media, in which of these cases 


the light ray suffers a total internal reflection ? 


Hot air Ay ! 
Cold air Glass i 


© ® 


E 
5 


П 
1 
|| 
П 


П 
Hot air | 
= Glass || 
Cold air f Ф Air 
| D 
i 
© © 
| 
| 
io 
^i р 
Optical fiber | 
material | 
|| 
i 


© 
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ae 


Second: Put in front of each of the following sentences the suitable number oi 
the figure that represents it: 


Figure (1) 


Figure (2) 
(1) In which, the ray undergoes total internal reflections at two different faces of 
the prism (Figure ....) 
(2) In which, the ray changes its path by 180° (Figure .....) 
(3) In which, the ray changes its path by 90° (Figure ....) 


(4) In which, the two angles of incidence of the 


ray inside the prism are 45° and 0* 
respectively 


(5) In which, the Tày represents what happens in the binocular 
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ul 
— 
if a laser beam is 
Pointed to Foy on 
ONE of the faces of 
| triangular Prism, 
e beam deviates ' 
from its Path? 


CUTE 


Deviation of Light 
та Triangular Prism 


Lesson Four 


IN CET. 
Triangular prism : iN Ø ] 


Itis a piece of a solid transparent material (like glass) with two identical 
faces in the shape of a triangle connected by three lateral rectangular faces. à 


sad 
© If a light ray falls from air on face xb of the opposite 
triangular prism; 


© It gets refracted inside the prism taking the path ac. 


© So, it falls on face yb and if its angle of incidence "e 2 
Е RG 
on face yb is less than the critical angle between we Se 
the material of the prism and the air, it gets 4 у 


refracted and emerges from the face yb of 
the prism. 


i.e. The light ray is deviated from its path due to 
passing through the prism by a certain angle 
called the angle of deviation (o), which 
can be defined as follows: 


The angle of deviation (0) : ^77 


| Iis the acute angle between the extensions of the incident light ray and the emergent light ray. i 
а М 7 
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=] 

Ё Deducing the laws of a triangular prism 


In the triangular prism shown in the opposite figure: 


(a) is the apex angle of the prism (the angle between the two 
faces of the prism where the light ray enters through one 
of them and emerges from the other one) 


is the angle of emergence 


is the angle of deviation 


Hence, we can deduce each of: 


The apex angle of the prism (A) ) 


С ў 
© [2] 
‘~ ad Lab , dc Leb In the triangle acd : 
ће. Z bad = 90° , Z bed = 90° 77 The sum of angles = 180° 
^. Z bad + Z bed = 180° <. 0, +, +3 = 180° 
-. Shape abcd is cyclic quadrilateral. 
-. The sum of each two opposite angles = 180° 
ЈА +3 = 180° 


From @ and Ө 
LAS M 
2 [A= 8, +h | 
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Second | The angle of deviation (o) ) 


“ф= i+ 8, , 6, 224 ф, *- The angle of deviation is an exterior 
(since they are vertical opposite angles) angle of the triangle aec. 
LII 2=6,–ф, “ а =1+2 

ђ- From (1) and © < 


"~ a=ġ -8 +0, -0 
=, +0,- (0; +9,) 
vA=0, +0, 


Sl a=b +0,-A | 


| Third) | The refractive index of the material of the prism (n) ) 


* When a light ray passes from a medium to a prism such that if the medium is: 


Other medium, not air 


Air 


' 
Тћеп 
din ф А 25 D prism = sin ф следи 
1 (air) medium”, prism n 0. . 
n. -— medium 1 (prism) 
prism віп Ө, (prism) 
ino sin sin 8, (medium) 
sin " = 
2- 2 (air) sin Ф (prism) 
om , (prism) 
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in. 


4k If the triangular prism is surrounded by air, then the factors that affect each of. 


@ The refractive index of the prism for 
The angle of refraction (6) 


the used light (л). 


@ The refractive index of the prisn 
the used light (n). 


or 


© The first angle of incidence ($, ). 
ð The apex angle (A). 


| реса сазез бок ће triangulagprsm 


@ When the light ray falls normal on 
the face of the prism 


e When the light ray emerges normal | 
from the face of the prism 


The ‘ray 
=n 
enters through face xy without any 
| refraction 


emerges from face xz without any 
refraction 


Such that 


% = 9, = 0? (the minimum value for 
the first angle of incidence) 


$5 =A (the maximum value for 
the second angle of incidence) 


At the emergence of 


, = 0, = 0° (the minimum value for 
the angle of emergence) 
So that 


9, =A (the maximum value for 
the second angle of incidence) 


the ray from face xz 


ak iad 


a=, - 


еп the 5 i 
© Wh econd angle of incidence (Фу equals the critical angle of the prism: 


In this case 0, is the minimum angle of incidence А 


on the face © nth iis tian 


tangent to 1 


“o=o. € 


| Q When the second angle of incidence (inside the prism) is greater than the critical 
angle of the prism: 


The ray encounters total internal reflection where: 
The angle of reflection = The second angle of incidence 


And the ray falls on the third face of the prism. 


-Notes: == — 


(1) The graph of ihe second angle of incidence (ф,) versus 


the angle of refraction (8,) can be represented as shown 
in the opposite figure, where: ф, =А – Ө, A 
(2) When a light ray is incident with an angle (,) on one of 
the faces of a triangular prism such that the second angle 
of incidence (ф,) is less than the critical angle (ф,), the ray A 
emerges from the opposite face with an angle of emergence 


(,) and when increasing the first angle of incidence ~ ЈЕ 


Е eee 
The first angle of refraction (0) > => since = 


The second angle of incidence Фор => since \ A=, +0, 
—— — baie \ sin 0 
The angle of emergence (0,) p aei since E. hee $ 
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| Ме ово ој по Ене problems of етан о ша ја ита 


[3] When a light ray falls on one of the lateral faces of a triangular prism, we use Snell's law: 


n, sin Q,- n, sin 0, 


Where: ny is the refractive index of the surrounding medium, n, is the refractive 
index of the prism. 


When the light ray passes inside the prism and falls on the opposite face, we use the relation 


A=0 +ф, 
L ei. 


E From the geometry of the figure, we calculate the angle of incidence of the light ray on 
the internal surface of the prism and compare it with the critical angle of the prism with its 
surrounding medium to determine the path of the light Tay at that surface, 


so if the second 
angle of incidence (inside the prism): 
is less than equals is greater than 
Y i kd 1 


' "Ne emos 
the critical angle between | the critical angle between i 


the critical angle between the 
the materjal of the prism | the material of the prism : material of the prism and the 
and the surrounding | and the surrounding surrounding medium 
medium (à, < à) medium (9, = à ) } 0,> 6) 
Hence, the light ray ' 
gets refracted away from the : gets refracted tangent to undergoes total internal 
normal line on the face of the | the face of the prism so ; reflection inside the prism 
prism, so we apply Snell’s law: і that : so that: 
n, sin $7 n, sin 6, | 9, =90° 


| The angle of reflection = 0, 


And this can be represented by the following diagram 
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1 
The opposite figure repr ; е те? 
A gu e g | epresents alight ray that is incident at an ca 
ue emo TUN WEN af the Jaces of an equilateral triangular E | 3 
prism whose refractive index equals 1.5, so: a y N 
: ма ic T | 8 
(i) The angle at which the Tay emerges from the prism equals EN 
a^ 28.13* b 31.879 42.129 d 52.379 
(ii) The angle of deviation for the light ray equals 
237.37 b 4143* c 52.63? 
Solution 
pA 


To find the angle of emergence (8,), 


we must calculate 8 у then ф;. 


Applying Snell’s law: 

sin 0, =n sin 0, 

А sin 45 

sin 8, ICM 

0, = 28.13* 

А=6, +, 

ф, 2 A- 0, = 60 — 28.13 = 31.87° 


4^ $0,241.81? 
By comparing the second angle of incidence (ф,) with the critical angle of the prism's 
material, we find: 
$,«6, 
2. The ray passes from the face of the prism so that Snell's law is applied: 
sin 9, -nsin фу = 1.5 sin 31.87? 
79, = 52.37° 
2. The correct choice is (d). 
(i) =, - 6, -A 
2454-5237 – 60 =37.37° 
7. The correct choice is (a). 


| What) we need to make the light ray undergo a total internal reflection inside 
if the prism, what change should be done to the angle of incidence to do that? 


Па 


The opposite figure shows a light ray which is incident normally 
on one of the faces of a triangular prism of an apex angle 40 


if 0,=15 $, the refractive index of the prism equals ............ Е 


5125 (b) 1.35 
(9151 3172 
Solution 


7. ф, = А = 40° 7. 0, =15 x 40 = 60° 
* Applying Snell’s law : n sin ф = sin 6, 


sin 9, 
п=— = sin 60 2135 
sin $ sin 40 


^. The correct choice is (b). 


What | the angle of incidence of the light ray is changed to make the ray emerges 
if 


normally, what will be the new angle of incidence on the prism (9)? 


The opposite figure represents the Path of alight ray through 
a triangular prism, hence the angle of refraction a, is .. 

(8) greater than the second angle of incidence (ф,) 

(b)less than the second angle of incidence (ф,) 

© equal to the second angle of incidence (0) 

@ equal to the apex angle of the prism (A) 
Solution 


_ Sin Ф, sin 8, 


~ sin sin 8, ~ sin $, 


sin40  sin60 
Ps sin 9, = sin ф, 
*- sin 60 > sin 40 


Chapter 2 
z. sin 9, «sin ф, 
„бр <ф 


^, The correct choice is (b). 


Lesson Four 


| What the angle of incidence (ф 
| df will happen to the 


) of the light ray on the prism gets increased, what 
angle of emergence of the light ray? 


\ 


In the opposite figure, a blue light ray falls on 


[2 


the face of a prism at point P so that the angle of E 


refraction equals 23? then it falls on the opposite face 


at point Q and emerges tangent to that face, hence: 
(i) The critical angle of the prism's material for the blue light equals .............. а 
@ 23° (6) 37° 
(©) 42° @ 60° 
(ii) The refractive index of the prism’s material for the blue light equals . 
@) 1.15 (©) 1.41 
©) 1.66 @ 1.72 


Solution 


(A-0 4$) , 460-2346, . ~ Ф=зт 


*' The ray has emerged tangent. 


n6 26,237 
2. The correct choice is (b). 
(ne bL oi 


sino, sin 37 
2. The correct choice is ©). 
(~~) the blue light ray is replaced by a red light ray that falls at the same angle 
T on the prism, will the light ray undergo total internal reflection at the face 
if of the prism opposite the right angle? 
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In the opposite figure, if the refractive index of 
the prism's material is 1.5: 

(a) Trace the light ray inside the prism. 

(b) Find the angle of emergence from the prism. 
(c) Find the angle of deviation. 


Solution 


sing, sin 60 


іп 6 =— = 15 

0,23526 ,  A-9,*6, 

602352640, ,  ,=24.74° 
(0) зі ф, =E= — , 0, =41.81° 


By comparing the second angle of incidence (ф,) with the critical angle for 
the prism (ф, = 41.81°), we find: 6, < 6, 
* Applying Snell's law : 
sin Ө, =n sin >, = 1.5 x sin 24.74 9, = 38.88° 
(с) G2 (9, + 6) - A 
= 60 + 38.88 – 60 = 38.88? 


A triangular prism of materials refractive index 1.5 is 
placed at the bottom inside an empty sink where a laser 
ray is incident on it and emerges as shown in the opposite 
figure. If water of refractive index 1.33 is poured into 

the sink till it has covered the prism, what happens to the 
angle of refraction (0,) and that of emergence ( 0,)? 


source 


(а) Both angles decrease. (b)@ з increases and Ө, decreases. 
©) 9, decreases and Ө, increases. (d) Both angles increase. 
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Q Test yourself. 


; @ 3k In the opposite figure, if the refractive index of the prism is 
| 1.5, calculate the deviation angle of the light ray. 


Solution 


When the prism is surrounded by air: 


sing, =n)... Sin 8, (D 


prism 


When the prism is surrounded by water: 
Tace; 51 9 = Digg, 519 8, (2) 


Dividing equation | D by (^^: 


j _ sin 9, 


"waer sin j 


zin 9, =D цег SiN 9, 


>1 


n, 
water 


~ 
s sin 0, > sin 9, 
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7. 9, increases when the prism is surrounded by water. 


УАг0 +0, 


^ When 6, increases, ф, decreases, so 6, decreases. 


2. The correct choice is (b). 


(What) 


у in the first case (before pouring water into the sink), the light source has been 
_ changed by another of higher frequency, what will be the effect of this change 


| if ) on the angle of emergence of the light ray from the prism? 


a Choose the correct answer : 


(1) A light ray is incident with an angle of incidence 6, on one of the lateral faces of a 


triangular prism whose material refractive index is n, hence it deviates by an angle a, | 


so if the prism is immersed in а liquid of refractive index 0.8 n and a light ray gets 


(8) decreases (b) increases 


| 
| 
incident on it with the same angle p the deviation angle of the light ray ............... M 


(c) vanishes (d) doesn't change 


Ct Oeil St Cue ESI) ou sus walsd] | 185 


2) In the opposite figure, if the light source is 3 
i moved from position (A) to position (B), | 
| the angle of emergence (0,) ла... + ? fo 8 

| (а) decreases (©) increases ds a ‘a 
| 


(©) vanishes (d) doesn’t change 
(B) 


Practical Experiment ў R Tracing the path of a light ray through a triangular 
Y "n 
asis Experiment prism and confirming the laws of the prism. 
Tools: 

- An equilateral glass triangular prism (of apex angle 60°). 


- A protractor. - A ruler. - Pins. 


Steps: 


1. Place the glass prism on a drawing paper sheet and 


mark its position with a fine pencil line. 
2. Draw a line ab inclined to one of the faces of the prism to represent the incident ray. 
3. Place two pins (1, 2) on the line ab. 
4. Look at the other side of the prism to see the image of the two pins, one behind the other. 


5. Place two other pins (3) and (4) exactly in front of pins (1) and (2) such that the four 
pins appear to be in one straight line. 


6. Draw a straight line cd between the two pins (3) and (4) to represent the emergent ray. 

7. Remove the prism and the pins and join b and c to locate the path of the ray (abcd) from 
air to glass to air again. 

8. Extend cd to meet the extension of ab. The acute angle between them is the angle of 
deviation (0). 

9. Measure: $,, 0,, 0, 0, апа о: using the protractor. 

10. Record the results in a table as the following: 


t 
1* angle of Angle of 2" angle of Angle of Angle of | Apex angle 


incidence (ф,) | refraction (91) | incidence (ф,) | emergence (0.) | deviation (о) (A) 


11. Compare the results with the calculated values from the relations: 
А=0-+ф, , о=(ф +6)—А 
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Questions on 


Lesson Four a -—€— Prism 


. " А Interactive test 
uc Multiple choice questions = 


©те Opposite figure represents the path of 
a light ray through a triangular prism, what is the 
mathematical expression that relates correctly 
angle x with the other shown angles in the figure? 
@x=atd ©®x=a-b 
©x=b-c @x=b+e 


[2] In the opposite figure, which angle represents 
" the apex angle of the prism when calculating 
the deviation angle of the light ray? 
(a) Angle x (b) Angle y 
(C) Angle z (d) Any of them 


9 Which of the following graphs represents the relation of the second angle of incidence (0,) 
versus the angle of refraction (Ө) for a light ray that gets incident on the face of 
a triangular prism with different angles of incidence? 


$; d Ф Я 
N. M. РА - ө, 
© ® © © 


@ The following three physical quantities are related to the deviation of light in a triangular 
е 


ргіѕт: 

(I) The apex angle of ће prism 

(II) The refractive index of the prism’s material for the used light 
(III) The angle of deviation 
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Па. 
So, on which of these quantities does the second angle of incidence in the triangular 
prism depend? 
DD, QD (b) Q), (Ш) 
«e (D, (Ш) © D, Ш), (Ш) 


9 3K A ray of light falls on a triangular glass prism at an angle of incidence of 45° and 
emerges with an angle of 52°. If the refractive index of the prism material is 1.5, then 
its apex angle equals ............. М 


(a) 28.13° (b) 30.18° (931 69° (а) 59.82° 


Ө, Ж The Opposite figure shows the path of a light ray through 
an equilateral triangular prism of refractive index 1.5, so 
the value of angle Ө equals ............. я 
(а) 47.2° (b) 43° 
© 54.8° (d) 27° 


@ Æ The opposite figure shows the path of a light 
* ray through a triangular prism, then the angle of 
deviation for the ray equals .... 


(222? (b) 28.38? 


© 30° @ 30.38° 


Ө In the opposite figure, what is the effect of 
^ increasing the angle of incidence (,) on 
the angle of refraction (0) and the second 

angle of incidence (,)? 


(a) Both angles increase. 
fb) Both angles decrease. 


(€) 0, increases and 6, decreases. 


(d) 0, decreases and ф, increases. 


О 3K In the opposite figure, if ф,> 6, anda. A 
© .sothe angle of incidence (,) could be equal 


ТА ®A 
ФОА @2A 


Questions on Chapter 2 


[107 In the opposite figure, if the refractive index of the prism's 
© material is 1.5, then the value of angle 0 almost equals 
(a) 20° b» 182 
(2) 15" d^ 109 


@ The opposite figure represents the path of alight ray 
* through a triangular prism, hence the deviation angle 
of the light ray equals 


@ 65° (8) 53.9* 
(c)45* @ 28.9° 


[12] In the opposite figure, а ray falls perpendicularly on face yz of 
© atriangular prism. If the critical angle of the prism’s material 
is 42°, which statement of the following is correct? 


(@) The ray passes through face yz without deviation. 

(b) The angle of incidence of the ray on face xy equals 60° 
(C) The гау gets reflected totally on face xy. 

(d) All the previous. 


[13] Ж In the opposite figure, a light ray is incident 
• normally on face xz of an equilateral triangular prism 
whose refractive index is^[2, hence the ray ........... . 
(а) emerges from face xy 
(b) emerges from face xz 
© deviates from its path by an angle of 120° 
(d) deviates from its path by an angle of 60° 


[14] In the opposite figure, the apex angle (А) of the prism is ............. . 
LI 


(à) greater than 45? (b) less than 45° 
© equal to 45° @ indeterminable 


® In the opposite figure, the apex angle (A) 
e 


of the prism is .. 
(8) greater than angle Ө (b) less than angle 0 


© greater than angle à. (d) less than angle ф 
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| ® Ж The opposite figure shows a light ray falling on 
| о 

| 


one of the faces of an isosceles triangular prism which art 30° 
is made of a material of refractive index 1.5, then the 


у“ 
angle of deviation of the ray equals 


(D 14.749 © 22.449 


[17] ЖА light ray falls normally on one of the f. iem 
" Ifthe refractive index of the prism is 2, 


then: 


(i) The angle of emergence of the ray from the prism equals 


@ 15° © 30° © 45° @ 60° 
(ii) The angle of deviation of the ray equals 


(8) 15° (8) 30* 


12 (OLEI ©ү2 (242 


(197 3K The apex angle of a triangular prism is 30° 
о 


of its faces, so it gets deviated by an angle th: 
the prism material is 


» alight ray falls perpendicularly on one 
at equals 20° 


» 80 the refractive index of 


(29125 © 1.44 © 1.53 


D 3K A light ray falls at an angle of incidence 60° 
о 1 о 
whose apex angle is 40 


(d) 1.66 


on one of the faces of a triangular prism 
» to emerge perpendicular from the other face, then the refractive 


(@) 1.35 (6) 1.29 ©121 


index of the prism is 


@ 1.13 


[21] ЖА ray of light falls from air on the face of a triangular glass prism whose apex angle 
T is 72°. If the ray gets refracted by an angle of 30° 


and emerged tangent to the other face, 
then the critical angle between glass and air is 


@ 30° (b) 42° (c) 48° @ 60° 
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Questions on Chapter 2 


@ Ж In the opposite figure, if the refractive index of 
о " 5 À 1 
the prism is 1.5, so the emergence angle of the light I = Tw s 
ray from (he prism equals ........... Р 1 30° > 
(2) 1947" (9418 (9 (248 59 ^? 


& In the opposite figure, a light ray passes through 
о 


a triangular prism of a transparent material with 
a speed that equals 0.8 c where c is the speed of light 


in air, so angle A is approximately equal to 
(8) 37° (b) 40° 
(с) 50° (d) 53° 


[24] Æ Two light rays are emitted from 


Source 
x 


td 
ie 


source x to pass through two prisms 
@ and (2) of different materials of 


refractive indices n, and n, respectively 


as shown in the opposite figure, hence 
the relation between these refractive 
indices ИРАК 

G)n, «n, On, «x, 
©n,=n,#1 @n,=n,= 


[25] Which of the following angles in an equilateral triangular prism whose material has 
Та refractive index of 1.5 could have possible values of 0° or 90°? 


(8) The deviation angle (0). (b) The second angle of incidence (ф,). 
©) The angle of refraction (0,). @ The angle of emergence (0,). 
® In the opposite graph, which of the shown h 
е " (Angle of incid: 
points represents the state of a light ray that Em Раоа 


is incident normal on one of the faces of 

x 
a triangular prism? 
@) Point x (b) Point y 


© Point z @ None of them -— 


(First angle of refraction) 
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> | a ge a 

@ In which of the following cases the path of the light ray is not represented Correctly, given 
e 


that the refractive index of the material of the triangular prisms in all cases equals 1.57 


[28] In the opposite figure, a light ray is incident at an angle 
of 45° on one of the faces an isosceles right angled 
triangular prism whose material refractive index is 1.5 s 
So the correct path of the emerged light ray is .............. 
1 

(52 

(c)3 

004 


D Ж A triangular glass prism abc, whose face ab is silvered, has an 
apex angle of 30° as in the figure. If a light ray falls at an angle of 
45° on face ac, the ray gets refracted inside the prism then it gets 


reflected on the silvered face and retraces its path, so the refractive 458 
index of the prism equals .............. 


oL (DIEI 
16 15 


6 b 
E Or ° 
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Questions on Chapter 2 


— = 5 
Б 
[30] Ж The opposite figure shows a prism of refractive index 1.5 s 8 
о еа 60° 
submerged in a liquid of refractive index n. If a light ray falls [ ia 
perpendicular on the face AB and emerges tangential to face | 30" 7 
ћ —30._ 
АС, во the value of n equals ............ à | 
mag 3 
ay io) = 
w3 73 
313 
4 == 
©F (074 


& 3K The opposite figure shows a light ray falling on 
о 
an equilateral triangular prism. If the ray emerges 
tangentially from the opposite face of the prism, then 


the angle of incidence (0) equals ~ 


(а) 45.52? (b) 36.24° 
© 32.25° @ 27.22° 


& 3K The opposite figure shows the path of a light ray 
о 


which falls on face xz of a right triangular prism. 


1 : 
ху = i yz, 6, => ф, then: 
(i) The refractive index of the prism’s material equals -+ - 


141 (6) 135 


(6)149 @151 
(ii) The angle of deviation equals = . 

(a) 32.51° (b) 59.08° 

(с) 63.43° @ 90° 


® Ж A triangular prism has an apex angle 60° and refractive index 13, so the minimum 
о 


angle of incidence of a ray on one of the faces of the prism that makes the ray emerge 


from the other face of the prism is 7 · 
(2) 32.329 (5) 37.379 (с) 42.429 @ 46.46° 
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©) * In the opposite figure, if the critical angle of 
о the prism’s material is 42°, then the values of the 
first angle of incidence and the angle of emergence 
respectively are .... 
(2) 60°, 909 


(с)48.16°,0° @48.16°, 90° 


135 Æ The opposite figure shows a light ray falling 


a 
o 
* parallel to the base on the face of a right angled 
triangular glass prism whose refractive index is 15, 
then the angle of emergence equals ......... 3 Ы 3 
(@) 28.132 (0) 45° 


(2) 60° (d) 73.13* 


Ф Ж In the Opposite figure, a light ray falls from air normal to 
the face of a cube that is formed of two different kinds of glass, a 
then its angle of emergence from this cube is .......... . 
(8)721* (&) 10:85 
©37.79° (@) 45° 
@ 


In the opposite figure, a light ray is incident on a glass triangular 
prism of refractive index 1.5 that is surrounded by air, so when 
reducing the angle of incidence (9) by 5° 


(b) emerges from face xy refracted towards the normal 


(c) emerges from face xy tangent to the interface 


(d) undergocs total internal reflection from face xy 


B In the opposite figure, if the red laser source is required to 


x 
Š be changed with a blue laser source, yet the light ray is still 
wanted to emerge tangent to the face of the prism, what Redlaser o ge ^ 
CS 1 
should be done to the angle of incidence $,? 
(a) It should be increased. 
y 

(b) It should be decreased. 


(c) It shouldn't be changed. 


(d) The answer is indeterminable. 
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Questions on Chapter 2 


& 3K A light ray is incident in air with an angle of incidence 
oo i 
on one of the faces of a triangular prism of apex angle A and 


ive index n as s mi А " 
refractive index n as shown in the opposite figure, which of 


the following modif 


internal reflection at face xz? 
(3) Increasing the angle of incidence $, y s 
(b) Decreasing the angle of incidence Ој 

(©) Using another prism of the same material with а smaller apex angle A 


@ Using another prism of a material with a refractive index smaller than n 


® When a light ray emerges from a triangular prism tangent to the opposite face of the face 


on which the ray is incident іп the first, the angle of deviation (а) for the light ray ............. š 
@) equals 0° 

(b) equals 90° 

© lies outside the prism 


@ has the least minimum value 


[41] The opposite figure represents a triangular 


prism (xyz) placed on a rotatable disk in which x 
a laser light ray is incident on face xy and 

emerges tangent to face xz, so when the disk is 

rotated slightly in the clockwise direction, 


the laser light ray at face xz will ... 


а) emerge with an angle smaller than 90* 


(b) emerge tangent to face yz 


© undergo total internal reflection inside the prism 


@ emerge normal to face xz 
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ЕП Essay questions 


@ What are the factors on which the angle of deviation of the light ray in the triangular 
e 
prism depends? 


" 3 > Xn £a light на 
(27 The following figures show five different cases of the falling of a light ray on one of 
б 


the faces of a right angled isosceles triangular prism of refractive index 1.5: 


NC KoA AN 
Ht 
30° 
(1) (2) 


н 
(3) (4) (5) 


In which of these figures the following actions happen? Illustrate your answer with 


drawings. 
(a) The ray deviates with an angle 90°, 
(b) The ray emerges from the same face of its incidence. 


(c) The ray suffers total internal reflection twice inside the prism. 


(d) The ray emerges by an angle 30°. 


[37 In the opposite figure: 


Trace the path of the incident light ray till it emerges ти 
ег 

from the prism, where the critical angle of the prism's 

material with air is 42° and the absolute refractive | 


ee 
index of water is 1.33. 


New/Types; of questions, Э 


© Understand O/pgly o> Higher Order Thinking iib 


First : Choose two correct answers in each of the following : 


о In the opposite figure, a light ray passes through / 
ф 


a triangular prism, so when 9, increases, ... 


А амен / 95 
e 6, Gecreases 0, remains constant / 9j d 
У 0, decreases 0, increases / 


ке the ray undergoes total internal reflection at face xy = 


Ө, In the opposite figure, ап equilateral triangular prism 
e ‘ en - 
of material refractive index 1.5 is immersed in a 
liquid of refractive index n. A light ray is incident 


perpendicular on one of the prism faces to emerge 


tangent to the opposite face, so ............. 


(a) the refractive index of the liquid (n) equals4[2 


(b) the refractive index of the liquid (n) equals [3 


- 373 
(© the refractive index of the liquid (n) equals -y~ 


(dj the angle of deviation of the ray equals 60° 


(e) the angle of deviation of the ray equals 30° 


Second: Use the figure to complete the blanks: 


& Putin front of each of the following sentences the change happening to the angle of 


incidence ф, (increase or decrease) that leads to the occurrence of each of the following : 


(1) Increasing the angle of refraction (0,) Gs 

(2) Increasing the second angle of incidence (ф,) (.......... ) 

(3) Increasing the angle of emergence (0,) (МИНИ | 

(4) The light ray won’t emerge from face ac as it a E 
undergoes a total internal reflection erre ) 

(5) The emergence of the ray normal to face ас (.......... ) 


Minimum Deviation in 


ao a Triangular Prism and Thin Prism 
esson Five 


| The minimum angle of deviation in the triangular prism 


© The opposite figure represents the incidence of a light ray ПРОТИ 
perpendicularly on face ab of a triangular prism abc that is Su TR 
placed on a rotatable disk, so if the disk has been rotated A 
to increase the angle of incidence of the light ray (,), then 7 
measuring the angle of emergence from face bc multiple 


times and after that calculating the angle of deviation (0) ) 
each time from the relation: TON РД 
а=ф *6,-A = 
Š a | 


Then, when plotting a graph of deviation angle (o) versus the first angle of incidence ($,) 
for the light ray, we find that: 


( At a small angle of incidence (0). the angle of deviation 
@ (©) will be large and as the first angle of incidence (Ф) 


L increases, the angle of deviation (0) decreases. ) 


n Rea EN 
At a certain angle of incidence (о, the angle of deviation 
reaches its minimum value (а), hence in this case the 
prism becomes in the minimum deviation position. Ji m 


i as ap нтте 

By increasing the first angle of incidence (0) above У 
Ө its value at ће minimum deviation position, the angle 
of deviation (œ) increases again. 
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2 зәјіецо 


а 
(A) is constant for the same prism, so as 0, increases, %, 


decreases 
) can be represented as follows: 


Since, the apex angle 
and the relation between them (0). ф, 


, =0, 20 DELIS. 
The light ray falls perpendicular to the face of the prism 
феб , = 

\ The prism is at the minimum deviation position 
$=8=0 , Ө=А 


\_ The light ray emerges perpendicularly from the prism's face 
8, 


© The factors on which the angle of minimum deviation (а, „ depends i 


||| The apex angle of the prism m. 


| Theapexwangje of The minimum aiae nmm 
Increases, g р 
Аѕ L the prism e of deviation (а) Increases 


in a triangular prism: 


B The refractive index of the prism's material for the used light (n) : 


== = 
ial The. "— index of the prism's The minimum angle V | 
I 
5 ‘material for the used light w метавон, of deviation (0) / ) Increases 


EH The wavelength of the used light (A) : 


| The wavelength of The minimum angle | 
As | Decreases, P | 
т | the used light (A) d of deviation (o. ) Increases | 


Note: ee — —————————ÀÀ— ——— —A4 


| * In the minimum deviation position, the light ray inside the triangular prism will be parallel | | 
| to the base if the prism i is: 


@ | Equilateral 


Isosceles || 
(for the two sides through which the ray enters | | 
and emerges) 
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Lesson Five 


Ç Test yourself o, 
C2» 
| Choose the correct answer: 2 
у А supe Г 
| In which of the following cases the prism is in the minimum deviation position? 


A triangular prism is made of a material whose refractive index is 1/2 having an apex 
angle that equals 60°, calculate: 

(a) The minimum angle of deviation in the prism. 

(b) The angle of incidence and the angle of emergence at minimum deviation. 


Solution 
п=]2 A26 | i a=?  ф=?  0,=? 
60: 
„720 pG 
а)п=———— 5 Be 
sin (4) sin (62) 
ра +60; 42 
sin ( 2 == 
M ad . o, = 30* 
0, + А 30-60. 450 
(b) 6, =0,= egg nd 


What the light ray falls on the prism with an angle greater than the angle that has been 
if calculated in the example, what happens to the deviation angle of the ray? 


A triangular prism has an apex angle of 60°. If the first angle of incidence equals double 
the angle of refraction at the minimum deviation of a red light ray through that prism, 


QD EM ue saad [201 | 


| 

| 

i 

А | 

calculate the minimum angle of deviation. | 
| 

j 

i 

| 


Solution 


А = 60° $,729, a, = 


When the triangular prism is in the minimum deviation position 


a +A A 
= E , 8,77 
$726, 

о +A А 

o d 

;-21) 
MO +A=2A 


у. O,=2A-A=A= 60° 


What a blue light ray falls on the prism instead of the red ray, what will happen to 
if the value of the angle of minimum deviation through the same prism? 


a 


The opposite graph represents the relation between the angle 
of deviation (œ) for a light ray passing through a triangular 
prism and the first angle of incidence (@,) on the face of the 


prism, calculate: 

(a) The apex angle of the prism. 

(b) The refractive index of the prism. 

(c) The angle of emergence from the prism at point x. 


Solution 
(a) Point x represents the position of minimum deviation in the prism: 
о А 
$,7—3 
n А=2ф -% 
=(2 x 45) – 30 
= 60° 


0) 0) 


Зіл фо sin 45 _ 
sin 9, sin 30 ~ 


(c) 6 7 6, 76, = 45* 


202 


Chapter 2 


РЕН _ E] 
== = = 
= 
= 
3 
А 5 
The opposite figure represents the path of a light ray through је 
a triangular prism, so the refractive index of the prism ’s material / 
equals D^ 
45 | 07 N30? 
(912 d» L5 (943 d) 1.33 CORNEA 


Solution 
From the figure, we find: 
ф, 290 – 30 = 60° 
6, = 90 – 30 = 60° 


$78, 

7. The prism is in the minimum deviation position. 
М md 4. 60; ада 

А 8, =, => => =30 


sin ф А 
«pet _ sin 60 = 
"= 6,2 9030 > 
7. The correct choice is (c). 


[wnae] the prism has a greater apex angle and the incident ray falls with the same angle 


| if | onits face, what will happen to the deviation angle of the ray? 
“У Test yourself аб — рь 
а i 
ET Æ The opposite graph depicts the o mdi | 
relation between the second angle 60 | 
of incidence (ф,) and the angle of 50 
refraction (6) ina triangular prism 
of refractive index 1.5 ay 
Calculate the angle of minimum deviation. зо 
20 
10 


10 20 30 40 so p 098") 


ü Choose the correct answer : 
The angle with which a light ray is incident on the face of a prism that has an apex 
angle of 60? and a material's index of refraction of {3 to pass through the prism with 
the minimum possible angle of deviation equals ............ 5 


@30° (6)45° (c) 609 @75° 


B Could a light ray fall on a triangular prism two times with two different angles of 
incidence and deviate in both times with the same angle of deviation (0)? 
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> 


| Dispersionoflightiby the triangulan prism 


Visible (white) light consists of a range of wavelengths that extends nearly from 400 nm to 
700 nm, hence if a beam of white light falls on a triangular prism in the minimum deviation 
Position, it emerges from the prism separated into a spectrum of colors thai can be assigned 


to seven colors of spectrum which can be listed as their order from the apex to the base of 
the prism as follows: 


| Rea ) )Orange Yellow у Green; Blue ) Indigo ; Violet 
Z 74 = РЕ / 


Explaining the dispersion of light by a triangular prism: 
As the wavelength (A) of light increases, the index of refraction (n) which this light 


encounters at entering the prism decreases, hence the angle of deviation (а) of a ray of that 
light through the prism decreases, therefore we find: 


Red light has the least angle of deviation because 
it has the longest wavelength and as (n ec 2 
red light encounters the least value of refractive 


index for the prism and the smallest deviation. 


Violet light has the largest angle of deviation 
because it has the shortest wavelength and 


hence it has the largest refractive index and 
the largest deviation, 


- The dispersion of light happens distinctly when the prism is set in minimum deviation 
position. 


© It is a triangular prism that is made of a transparent material (like 
glass) and has a very small apex angle that does not exceed 10° 
and it is always in the position of minimum deviation. 


н ран а. ља ae 
> Some concepts related i 


— Deviation angle | Angular dispersion .... Dispersive power 
to the thin prism Е we ~ ХИ к 


204 


Chapter 2 


Lesson Five 


i Deviation angle 
7 Deducing the deviation angle inthe thin prism: 


му The thin prism is always in the position of minimum deviation when it is surrounded by air. 
л When the thin prism is surrounded by air, the refractive index (n) of its material can be 
determined from the relation; 
. (€, +A 
sin ( 9 ) 
L—— У 


n= 


m 
atA А ipn ( 2 ) 
v.e small angles, then the sine of these angles is approximately equal to their 
angles in radians. 
а А 
a +A 
лпа — = 
A A 
2 


Notice that the ratio between the angles in radians equals the ratio between them in degrees. 


ds a,+A=An B | 9=А(-) 


When the thin prism is put in any other medium other than air, the angle of deviation will be 
determined from the relation: 


The factors on which 


N 


1 The apex angle The refractive index ao 
of the thin prism fe of the prism material 
“directly proportional” ( for the used light í 
Да, e а Aa, " Иий 
= e =n- A ope = = o" 
Slope - 22 -n-] Pe= an mM 


d. 
а 


[x А (n - 1) 


205 


Моге: — 


(D a, in the thin prism doesn't depend on the first angle of incid 
| о 
(2) The angle of deviation in the thin prism depends on (ће «avc; 
(3) When plotting a graph of deviation angle (0) 
for multiple thin prisms that have equal apex 


| angles versus (n — 1), the opposite graph will 
be obtained where: 


Aa, A 
Slope Gee 


il doesn’t exceed 109, 


јин 


incident light (А), 


—— 


== 


(n-1) 


(4) To convert the value of an angle from degrees into radians and vice Versa, we use 


the following relation: 

And from the opposite 

table, we find that the sine E 90* | 60° | 30° Е a r 
of small angles (sin Ө) пө | 1 |0о87 | 05 [01736 0.0698 | 0.017 
equals approximately the 9а | 157 | 105 | 0.52 |0.1745 | 0.0698 [0017 
values of these angles in 


radians да a: 


да = sin Ө 


U 


(At small angles) 


A thin prism has an apex angle of 7° 
of deviation of light in the prism. 


Solution 
RETF n=1.5 а=? 
= -1 
a =A ) 


=7x(15-1)=3.5° 
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and refractive index of 1.5. Calculate the angle 
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The opposite graph depicts the relation between the %p(degree) 
deviation angle (œ ) of a light ray through multiple 
thin prisms which are made of the same material 
and the apex angle (A) for these prisms, calculate 
the refractive index of the material of which the 
prisms are made. 


Solution 
Aa 
SO 2 = 
Slopez А S-A US 


мо =A(n-1) 
“. Slopezn- 1 = 0.5 
“~n=15 


When a red light ray fell on a thin prism of apex angle A and refractive index n, 
the ray deviated by an angle of 4°. If the prism has been submerged in a liquid of 
refractive index 1.2, the angle of deviation becomes 2°. 
Calculate: 
(a) The absolute refractive index of the prism (n). 
(b) The apex angle of the prism (A). 

Solution 


a) =4°  Migia= 12 (5-2: inz?; A=? 


(a) / Before submerging 3 
\ the prism in the liqui 


the prism in the liquid / 


n 


(@,),=A@-) | @),=A4G—-D 
o D (D i liquid 
ans | 2:AGq$-D © 
Ву dividing equation (0) by equation Ө; 
А (п– 1) 
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= 
= 
— 3 


(b) By substituting with the value of n in equation (0) i 
| 4=А(15-1) ET. 


@ Test yourself. ано [ON 
| Choose the correct answer: 
o A laser beam falls on a thin prism at multiple angles of incidence (0), then in which 
of the following cases does the largest angle of deviation appear? 
©) $i 2:4 ® % =5° 
(99,26 


(d) АП of them have the same deviation angle, 


01] The opposite graph represents the relation 


о. (degree) 
between the angles of deviation (0) and the 
refractive index (n) for multiple thin prisms 8 
that have equal apex angles (A), so the values i 
of x and A ате.............. . 
x A k x 2x 3 

(©) 8 8 

(©) 1 4 

© 1 8 
(| s 4 | 


A Angular dispersion 
7 Deducing the angular dispersion in thin prism: 


7 The thin prism is always in the 
position of minimum deviation and 
the angle of deviation (0) depends 
on the refractive index (n) of the thin 
prism for the falling light ray which in White light 
turn depends on the wavelength (A) 
of the falling light ray. 


[Cad odd 
Red light 


Blue light 


-. The angle of deviation (0) of the light ray changes by changing the wavelength (A) of 


the ray, so the thin prism disperses the white light into the visible spectral colors, where 
we can determine: 
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— Я 8 5 
@ The angle of deviation of © The angle of deviation of Е 
the red light the blue (violet) light 
(the least angle of deviation for the colors | (the largest angle of deviation for — | 
of visible light) | the colors of visible light) | 


1 
_ From the relation _ | 


(X), -A^(n-1) (1) (a,),=A@,-1) (2) | 
Where 
H H , ~. А T 
(nj) is the prism's refractive index for red (ny) is the prism’s refractive index for 
light blue light 
nn л (0,2, > (01). 


By subtracting the two previous equations (1) and (2), we get the value of the angle between 
the two emergent rays (blue and red): (CAN - (0) = A (n, -1)-A (n.- 1) 


(a), Е (0), =А (n, Е nj) | 


© The value [(0,), — (,),] is called the angular dispersion between the blue and the red rays. 


The angular dispersion :-- ----- ---- 
It is the angle between the extensions of the red and blue rays after their emergence from 


the thin prism. 


@ 


It is the difference between the deviation angles of red and blue lights in the thin prism. 


The factors on which | the angular dispersioni depends: 


Ө The prism’s refractive indices 
for both blue and red | 
lights (n, — n) 


9 the apex angle of 
the prism (A) 


"directly proportional" 
- (бод = (9), 
n: dius Аба), - (а) 


Slope = ——2——9r 
=A A и Ра 


A (о == (о), 
ПОДА — 
= ny ка n, 


Slope = 


Qi Ov eile e AES) сло ely yall [209 — — 


in њ 

Loo o 
| 

Note: Е 


© Yellow light is considered the intermediate between the b 
can define: 


The average refractive index (n 


redlights,so we | 


y): The average angle of deviation (a). 
oy" 


It is the refractive index of yellow light (ny). 


| 
It is the angle of deviation of yellow 


light (a), 


From the relation 


ЕЗ3 Dispersive power 


© Each transparent material if shaped as a thin prism have a characteristic dispersive power 
that distinguishes a material from another and it can be defined as follows: 
The dispersive power (o) НЕ 
It is the ratio of the angular dispersion between blue 
for the yellow light (the average angle of deviation). 


| Deducing ће dispersive power: 


and red lights to the angle of deviation 


C (a) =A (n, - n) CES (а), =A (n, -1) 
(а), – (6), Am- n) (да eT p. ред 
ry Ath Ay ^ “no-l + 
а. (од), А (ny - 1) 9 ny e n. E 


Where: (ny) is the refractive index of the prism for yellow. 
Notice that dispersive power (0) is dimensionless 


i.e., has no measuring unit because it is a ratio between two quantities of the same type. 


The factors on which  }/itheldispersive Power of/ajthin/prismidepends: 


| 
| The prism’s material refractive index only not on the a 
| 
| 
| 


рех angle of the prism nor the light 
angle of incidence on it. 


Note: 


* A rectangular glass block does not 


SN White 500! 
disperse light because it acts as two A 
о > Бб Әв 
similar reversed triangular prisms; опе "~ 7 уь. 
counteracts the dispersion of the other. white light à ig 
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Lesson Five 


Ап prism has an apex angle of 8°, its refractive index for red light is 1.52 and its 
refractive index for blue light is 1,54 . Calculate: 


(a) The angle of deviation for each light color. 
(b) The angular dispersion for the light in the prism. 


(c) The disper 


power of the prism. 
Solution 
A=8 S n-153  m-154 (0),=?  (m)-? 


(@,),-@),=? w=? 


(a) (0), =A (n, — 1) 28 x (1.54 = 1) =4.32° 
(o), =A (n, – 1) 28 x (1.52 — 1) 2 4.16* 
(b) (о), — (@.,), = 4.32 — 4.16 = 0.16? 
Another Solution: 
(о), = (0), =A (n, - n) = 8 x (1.54 — 1.52) = 0.16° 


(c)n = = DIDA. 153 


ny-n 1.54-1.52 
=b rl — (i 
о пу-1 153-1 ndi 


another time with an angle of 60^, in which of the two cases is the dispersive 


| | a white light ray falls on this prism for one time with an angle of 30° and for 
W ) power in the prism greater? 


Two thin prisms have equal angular dispersions, the first prism is made of flint glass of 
average refractive index 1.6 and dispersive power 0.036, while the second prism is made 
of crown glass of average refractive index 1.5 and dispersive power 0.028. If the apex 
angle of the second prism is 7°, calculate the apex angle of the first prism. 
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p 
= 
— — S N Exit 


Solution 


(n), = 186 ((0,), = 0.036 (n) =15 (00) = 0.028 А, =7 А, =? 


Es . -n = -1 
pend sa on =O, (у= 1) 


- In the first prism: 


(ny), = (8), = (9), ((a,), - 1) 26036 x (16 1) = 0.0216 


- In the second prism: 


(n), - (2, = (9, (à), - 1) = 0.028 x 1.5 - 1) 20014 


77 They have the same angular dispersion: 


SA (e, Б (n),) =A, (пр, а (nj) 


l E < a L7X0014 
2 Ау x 0.0216 =7 x 0014 "Ауа 90216 
What | you are asked to calculate the apex angle of a prism of flint glass that causes 


sẹ | the same deviation angle for yellow light as that caused by the second prism, 
if | what will be your answer? 


= 4.54? 


@ Test yourself — 


H 

~ 
i 
| 
| 


— 
[1] Ж A thin prism has an apex angle of 10°, refractive index for red light 1.52 and 


for 
blue light 1.58. Calculate the angular dispersion and the dispersive power of the prism. 


ӣ Choose the correct answer: 
Two thin prisms x and y are made of the same material, the apex angle of prism x is A 


and its dispersive power is O, 50 if the apex angle of prism y is 1.5 A, its dispersive 
power 1$ ................ 


o, 
OE (pe, 


(20, (03 6 
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2) From the previous, 


We can compare between the normal prism and the thin prism 
as follows: 


| The normal prism р The thin prism UN 
The apex 
angle {A} Large (more than 10°) i Small (less than 10°) 
The B E 7 пок 
refractive п 31191 _ sino, ; a +A 
index (n) sin, sino, VR 
The angle a =A(n-1) | 
и r^ 0020779 9; 2. Always at the minimum deviation 
i angle 
One of the positions at which the ; Always in the position of minimum 
The triangular prism can be set in which | deviation where the angle of 
minimum its refractive index is given by: | deviation is determined from 
deviation S (% + s | the relation: 
position n- (А) i a, =A (п– 1) 
- Spectral dispersion of light into its | 
components of wavelengths. . . . 
Uses - As a reflecting prism in some Нена 


i; М components of wavelengths. 
optical devices such as 3 gt 


periscope and binocular. 
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Minimum Deviation по “ер 
a Triangular Prism and e vi 
Questions on Thin Prism Dow: 


Lesson Five 


|! The questions signed by Є are answered in detail | @ Опава ОЛреМ = Higher Order Thinking Skills [ES 


| Triangular prism at minimum deviation 


| @ When the prism is being in the minimum deviation position, the refractive index of 
" the prism is determined from the relation; ............. 


"m EUM SS "T" 
1 2 1 sinA 
an= @©n=—_4+— ©)n =——— @n= 
sin 0, Б sinA (On sin >, n= Sin 
2 


Ө 3K If the deviation angle for a light ray that passes through an equilateral triangular prism 


in the minimum deviation position is 30°, then: 


(i) The angle of incidence of the ray on the prism face equals ............. ; 
(а)30° (b)45* (c) 60“ (8) 909 
(ii) The emergence angle of the ray from the prism equals ............. $ 


(а)90° (b) 60° (c)45* 


Ө Æ The opposite graph shows the relation between ће ап gle of 


^ deviation (œ) and the first angle of incidence (ф,) for a light 
ray on one of the faces of a triangular prism, so: 


(i) The apex angle of the prism equals --------. - 
(а)30° (b)45* 

(©)60° @ 90° 

(ii) The absolute refractive index of the prism material equals ............. . 
@15 &y2 ©133 (EI 


(iii) The emergence angle of the ray at the position of x equals ............. " 
(a)30* (37* (@)45° (75° 


Ө Ж A triangular prism has an apex angle of 60° and a refractive index of [2, then 
° the angle of deviation and the angle of incidence at the minimum deviation position 


respectively are sesi . 
(2)30*, 45° (b)45*, 30° ©60°, 45° (045°, 60° 
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—— == НЕСИНИН N pa M inse Mi. Lini ME 


Өө If a light vay is incident оп an equilateral triangular prism and undergoes the minimum 
W обе the secandis Рев m 
deviation, the second angle of incidence inside the prism equals ..........—— + 


(a) 30? b) 45° =) 60° 90? 


Өө Ж A light ray is incident on an equilateral triangular prism, if the angle of incidence = 
© The angle of emergence = 40°, then: 


(i) The angle of deviation of the light ray equals 


(а) 20° (b) 40° ©) 60° @ 80° 
(ii) The refractive index of the prism's material equals ............. « 
(8) 1.1 (5) 115 © 1.29 @ 1.53 


@ Ж A glass prism in which a light ray has deviated with an angle that equals its first 
т angle of incidence that equals 60° has an apex angle of 60°, so the refractive index 


of the prism's material equals ............. 5 


@y2 | OF ©з GE 


Ө A light ray is incident with an angle ф, on one of ће faces of an equilateral triangular 
а prism, hence it gets refracted by an angle of 30°, what happens to the deviation angle 
of the light ray (0) when increasing or decreasing the angle of incidence (ф,) by 5°? 


| Increasing ф Е Decreasing ф, 
(а) Deviation increases Deviation decreases 
(b) Deviation increases Deviation increases 
© Е “Deviation decreases Deviation decreases 

© | Deviation decreases Deviation increases 


[9] The ratio between the refractive index of ће material of a triangular prism for violet light 


У . А . n, 
and the refractive index of the material of the same prism for red light (em) sudes А 
red 


@ greater than one Ó) less than one © equal to one (d) indeterminable 


X10) On increasing the wavelength of an incident light ray on one of the faces of a triangular 
LI sa we 
prism in minimum deviation position, the minimum deviation angle ... 


(b) decreases 


ay; 
9 Increases 


D doesnftehange (d) cannot be determined 
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= nc 
2 


@) If a narrow beam of white light falls on one of the faces of a triangular prism set in 
Ww 


^ the minimum deviation position, which of the following figures shows how this beam 


of light disperses? 


Violet 
(5 

Violet 
(d) 


(12) The opposite figure represents the dispersion of white 


? light by a glass prism, so the light rays x, y and z A 
might have the colors of ............. s Ce: 


T 
1915 
Рај 
о 
A 
= 
5 


Yellow 
Red Yellow Blue 
@ | Yellow Red Bhe | 


(& The opposite graph shows the relation between the second angle 
о 


0 
of incidence (Ф) and the first angle of refraction (8,) of a light РЕЈ 
4 ray falling into a triangular prism. If the angle of minimum 
y 
deviation is 30°, so: 30° 


(i) The refractive index of the prism equals 
30° 
@ү2 (5) 148 
(s (3) 1.55 
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+ a Questions on Chapter 2 


ii) The angle of emergence of i 3 ая ini 
ai MENS rgence of the light ray from the prism when it is in the minimum 


Lesson Five 


deviation position equals , 


" о о 
(а) 15 1 30 с 459 il 60° 


Ф Ф The opposite graph represents the relation 
b 
between the second angle of incidence ($5) and 
the first angle of refraction (0) when а light ray 
passes through an equilateral triangular prism, so 4 
the position of minimum deviation is represented 


by point ............. i с 


(аја (bb (ec UD both a and c 


(B) What is the possible value of the angle of 
• 


deviation for the light ray that passes through 
the prism shown in the opposite figure if the 
minimum angle of deviation through that prism 


is 45°? 


(a) 22,59 qb 30° с 45° |^ 50? 


Q The opposite figure shows a triangular prism where a light ray 
е 


falls on its face at an angle $, and emerges from the other face 


. sind, 1 
at an angle 8,, so the ratio sn, equals ............. А 
Ф 1 ray d. 
95 e ez 


@, In the opposite figure, to set the prism in the minimum 
. 
deviation position, we have tO ......------- З 
(a) increase the angle of incidence (6) 


O direct the light ray normal onto the face of the prism 


\©) increase the angle of incidence (05) 


Ò direct the light ray tangent onto the face of the prism 


(ТАТЕ veil ot ГС А CES) OW cL: walsdl [2137 —— 
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® 3K The opposite figure shows a light ray falling 
" onone of the faces of a triangular prism at an 
angle ф if à= Бапа H, = 1.5 ф,, then: 


(i) The apex angle of the prism equals ............ Я 


(а) 20° (b) 60° 

(с) 80° @ 100° 

ii) The first angle of incidence (,) equals ........... A 

(8) 20° (5) 40° © 60° d) 80” 
(iii) The refractive index of the prism equals ............. . 

(8) 1.05 ®1.14 © 135 (d) 1.53 


© 


ЖА triangular prism has an apex angle that equals 1.5 о, , where a, is the minimum 
e CY з n CO tal m 
deviation angle for the prism while the prism becomes in minimum deviation position 


when a light ray falls on one of its faces with an angle of incidence of 50°, hence the 
refractive index of the prism equals ............. . 


(3) 1.25 (5142 (©) 1.53 


D Ж If the opposite figure shows the deviation of a light ray 


S 
through a prism of refractive index 13, so 


@ 1.73 


The first angle The angle 
of incidence (ф) | of deviation (0) 


30° 30° 


60° 60° 


©/©/@/@ 
S 


(21) 3K The opposite figure shows an isosceles triangular prism, 
o having an apex angle of 45° and made of a transparent material, 


If a light ray falls on one of its faces at an angle of 30° and gets 


refracted inside the prism parallel to the base, then: 
(i) The angle of emergence of the light ray from the prism 


equals ............. 5 


(8) 15° (b) з0° (© 45° 


Questions on Chapter 2 


(ii) The angle of deviation of the light ray equals . 


(4) 60? (b)45° (c30* (а) 15° 


(iii) The refractive index of the prism equals 


(a) 1.22 b) 127 (6,131 d. 1.6 


^ light ray is incident with angle x on the face of a triangular prism 
б 
E! 


abc as shown in the opposite figure, hence the ray encounters the 
least possible deviation as it emerges from face bc, so which of the 
following graphs will represent the change in the angle of deviation 


of the light ray versus the change in the angle of incidence? 


a a a a 


A | 
i $i i % 
© (5 © @ 


& Ж The apex angle of a triangular prism is 60° and its refractive index is 1.5. If it's 
о 
submerged in а liquid whose refractive index is 1.3, then: 


(i) The minimum angle of deviation will equal ............. А 


(0846 (6)9.64* (€) 10.27 @35.1° 
(ii) The first angle of incidence in the position of minimum deviation will equal . 
(8)343* (8)35.1* (2)47.5• (d) 60° 


[24] The opposite figure shows the path of a light ray 
^ that is incident with an angle of 50? on a triangular 
prism of a material refractive index n, if the prism is 
submerged in a liquid of refractive index 0.9 n, then 
the light ray is set to be incident on the same face 
with the same angle, the angle of deviation of the 
ray .. 


(8) will increase (b) will decrease 


(d) won't change 


© might increase or decrease 
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UNIT 


(257 If three light rays (1), (2) and (3) are incident on 


[o 


[27] A thin prism has an apex angle of 5° 


1 stand OApply => Higher Order Thinking Skills 
@Understa 


а. 
a triangular prism with angles of incidence x, у 
and z respectively such that the relation MD " 
the deviation angle (œ) and the angle of incidence (1) : | 
(9,) is as shown in the opposite graph, so the a i 
of emergence of ray (1) compared to the angle of а, $ 
emergence of each оЁ.............. 
Ray (2) Ray (3) 
(3) greater Smile 
(b greater greater 
© smaller smaller 
@ smaller greater 
— 
The opposite graph represents the relation between the a 


angle of deviation (a) of a light ray through a triangular 
prism and the angle of incidence (Ф) of the ray. When 
the ray is incident with angle x on the face of the prism, 
it emerges tangent to the Opposite face, so if the ray is 


incident with an angle that is 0 < 9, <x, the ray at the 
Opposite face... . 


(а) emerges perpendicular (b) emerges tangent 
© encounters total internal reflection @ retraces its path 


Thin prism 


and refractive index of 1.6, so the deviation angle of 
light through it equals ......... 


@)3° (6) 5* Oe Kr 


e If the angle of deviation of a light ray in a thin prism equals its apex angle, the refractive 


index of the prism equals ............. . 


@1 9» об XE 
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Questions on Chapter 2 


sson Five 


Le: 


[29] 3K The opposite figure represents the relation он 
2 variation of the angle of deviation (а) foralight 4 j 
ray in different thin prisms with equal apex ang 3| 
versus the refractive index (n) for the materials of : | 
these prisms, thea the apex angle of the prisms ol " 2 -n 
equals ............. | -1 ' 
E 
OL (Oy al 
© 6° @ 79 ч 
& 3K The opposite graph depicts the relation Oc, (degree) 
? between the angle of deviation of light (а) in Ss 


different thin prisms that are made of the same 
material and the apex angles (A) of each 

of them, so the refractive index of the prism's 
material equals ............. x 

@12 (52 ! [inel 

©ү2 @15 2 p Е os l ipea ege) 


& 3K Two thin prisms are placed inverted to each other such that one of them cancels the 


o 5 у 
deviation which is initiated by the other. The apex of ће first prism equals 8° and its 


refractive index is 1.5. If the apex angle of the second prism is 6°, then its refractive 


index is 


(@) 1.08 (51.125 ©1.67 @222 


[32] Æ Thin prism of apex angle 10° and refractive index of its material 1.6 is submerged in 
о 


а liquid of refractive index 1.25, then the deviation angle of a light ray through the prism 


@2.5° (2.8 ©3.5° @e 


[33] A light ray deviates from its path with an angle 0. when it passes through a glass thin 


* prism surrounded by air, so when this prism is submerged in water, the angle of deviation 


of the light ray through it becomes ...........-- | 
Da (b) greater than а: ©)less than о; (& zero 
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=, 


rism has an apex angle 8”, а refractive index 1.4 for ге light ai d 1.6 for 
& * A thin p 8° fracti d Af | flight or bj 
1 ght, then the average angle of deviation for white light through it equals <... 


(D 16° (6) 12° (cg xm 


о A thin prism has an apex angle of 6°. If its refractive index for blue light is 1.65 and for 


Ted light is 1.6, so the angular dispersion between blue light and red light throu gh the 
prism equals ...... 


(2) 0,19 (002° (003° (d) 0.5* 


[361 A thin prism with an apex angle of 10° is made of a material of refractive index for red 
o 


light 1.5 and for yellow light 1.55, so the dispersive power of the prism equals ......... 
п 10 2 + 22 

GO Ox Or OF 

@ If the sum of the refractive indices of blue and red light of a thin prism is 3. 


the difference between them is 0.1, so the dispersive 


(214 (50.2 


land 
power of the prism is .......... . 


(с)0.18 (00.14 


Ж A white light falls on the face of a thin glass prism whose apex angle is 8° 


Ф 


„ће 
refractive index of its material for blue and red lights are 17 and 1.5 respecti 


vely, then: 
(i) The deviation angles of the red and blue rays equal ........... 


The deviation angle The deviation angle 
of the red ray of the blue ray 
©) 12» 13.6° 
Gi r Em 
© а e — — 
"UN 4° | 13.6 


(ii) The angular dispersion of light in the prism equals 


(3) 25.6* (b) 13.6? © 12° Qe 
(iii) The dispersive power of the prism equals -........-. 
(250.08 (60.125 (c)0.33 (32 
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Questions on Chapter 2 


[2] Ж If you have two thin prisms, the refractive indices for red light and blue light in 
ee 


the first prism are 1.48 and 1.56 respectively and for the second one are 1.63, 1.69 

respectively, so the ratio between the dispersive power of the first prism and that of 
" (0) 

the second prism —&1 js 

1 


(а) = 


1 Т 
13 ba 


—|№ 
[m 
кој 
које 


Q Ж Two thin prisms have the same angular dispersion, one of them is made of crown glass, 
** has an apex angle of 6.25°, an average refractive index 1.5 and a dispersive power of 
0.048. If the other is made of flint glass where it has an apex angle of 10° and dispersive 
power of 0.024, then the average refractive index of the second prism equals ----------- 


@2.93 ®2.62 ©) 1.625 @ 1.125 


Ещ Essay questions 


[1] What happens when a beam of white light falls on a triangular prism adjusted in 
^ the minimum deviation position? 


[27 Explain the following statements: 
. 


(1) In the same triangular prism the angle of minimum deviation changes by the change 
of the wavelength of the passing light through it. 


(2) When white light falls on a triangular prism, the deviation of the violet light will be 
greater than that of the red light. 


(3) Triangular prisms disperse white light while the transparent cuboid slabs don't. 


9 What are the factors on which the following quantities depend? 
? (1) The minimum angle of deviation in a triangular prism, 
(2) The angle of deviation in the thin prism. 
(3) The angular dispersion of light in a thin prism. 
(4) The dispersive power (@,) of a thin prism. 


[4] What is the quantity that point (a) represents in each of the following graphs? 
LJ 


(a) The relation between the angle of deviation (0) of 
a light ray in a triangular prism and the first angle of 
incidence (ф) for the light ray on one of the faces of 


the prism. 


Lesson Five 


= 1 @Understand OApply & Higher Order Thinking Skills 


ТИР " 
(b) The relation between the second angle of incidence ) 


(,) for a ray falling on a prism and the first angle of al 
refraction (0 » 


— a 
(c) The relation between the angle of deviation (a) in g 
different thin prisms that have equal apex angles 
and the refractive indices (n) for them. 
7 n 


/ 


ay 


9 


A monochromatic light ray falls on one of the faces of triangular prism and emerges tangent 
о 
to the opposite face, what happens to the angle of deviation (а) of the light ray if the ray 


is rotated gradually towards the base of the prism such that the first angle of incidence 


increases? Show that with a graph representing the relation between the deviation angle 
and the first angle of incidence, 
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New/Types; of questions 2 


© Understand Apply е Higher Order Thinking ‘kil 


First : Choose two correct answers in each of the following 


@ A light ray is incident with an angle of 45° 


rj — 
aterial refractive ex 157 if ^ i j 
whose material refractive index is V2, if the ray emerges from the opposite face with 


on one of the faces of a triangular prism 


an angle of 45°. so 

«P the apex angle of the prism is 30° 

D the apex angle of the prism is 45° 

© the apex angle of the prism is 60° 

© the angle of deviation of the ray equals 30° 


©) the angle of deviation of the ray equals 45° 


[2] The opposite graph represents the variation of the angle of zn a 
** deviation (Œ) versus the material refractive index (п) of a thin 
prism for different wavelengths, so ------------:- Ра 
(a) the slope of the graph line equals the apex angle of the prism j 
(b) the quotient of E equals the apex angle of the prism Pa x А 
= => 
© the quotient of i equals the apex angle of the prism 
@ the value of x represents the minimum angle of deviation 
(с) the value of y represents the minimum angle of deviation 
Second: Put in front of each of the following sentences the light color that makes 
the magnitude of the physical quantity greater: 
& Red light Blue light 
(1) The wavelength of light С ) 
(2) The frequency of light банане ) 
(3) The refractive index of a prism for light disons) 
(4) The angle of deviation of light rays through a prism when they are incident with 
the same angle of incidence on the prism Сона ) 
(5) The critical angle of the prism material when light passes through ій (е ) 


(6) The angle of emergence of light rays from a prism when they are incident with 


cc audis of incidence on the prism Qm) 
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Choose the correct answer 


@ The opposite figure shows a light ray falling on a plane mirror at 
an angle of incidence 20°, If the mirror is rotated in clockwise 
direction by an angle of 20° about an axis perpendicular to the page 
at the point of incidence, the angle of reflection -......... . 

(8) increases by 20° 
(b) decreases by 10° 
© increases by 40° 
@ decreases by 40° 


Ө, The opposite figure shows two different prisms which 
are made of the same material of refractive index 1.5, д 
Tf a light ray falls perpendicular on face Xy, it will 60? 
emerge perpendicularly from face .......... E 


(9) xz y 60° 6), 
‘NS "n 
(b) ac 
bc 
= 45° 
(@ab И 
b 


9 Which of the following figures represents correctly the path of a light ray that is incident 
from air and passes through a cuboid glass slab? 
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i 8 
[4] The opposite graph depicts the relation between зіл ф a 
sine of the angle of incidence (sin 6) of a light ray nr, — 
in à transparent medium and sine of the angle 
of refraction (sin 0) of the tay in another medium Ka 


when the ray travels between them. 025 


If the wavelength of yu 


medium was 790 nin, ihe wave lol Hers 
of the ray " 
sin 6 


in the second medium equals .......... : 01 02 03 04 
@ 550 nm (5) 500 nm 
(2) 450 nm @ 400 nm 


[5] The opposite figure represents the falling of 


white light on a glass triangular prism to emerge 


from the prism spread out in a series of colors, Red light 
what is the name of this phenomenon? Violet light 
(а) Light division (b) Light dispersion 

(c) Light reflection (d) Light diffraction 


[6] In Young's double-slit experiment, if the distance between the centers of t 


ourth dark 


fringe and the central fringe is x, then the distance between the centers of central fringe 


and the first bright fringe equals -- 


zx od x eJ ES 
а OE: У 35 @5 


45 


[7] A light ray falls in air at an angle of incidence 0° on one of the faces of a triangular prism 


Whose apex angle is 45°. If the ray emerges tangentially from the opposite face, then the 


speed of light in the prism equals ++ | (c = 3 x 108 mis) 
(8) 1.96 x 108 m/s (6)2.08 x 10* mis 
(8)2.12 x 108 m/s (d) 2.41 x 108 m/s | 


[5] А thin prism has an apex angle that equals double the angle of deviation of a light ray that 


Passes through the prism, so the refractive index of the prism equals -------.-- 5 


TD $15 ORB @175 | 
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UNIT 


O9 A light ray falls on mirror A as shown in the opposite figure, 
then its angle of incidence on mirror B equals +--+ + 
(Oy 
(b) 30° 
(с)45° 
@60° 


© A light ray is incident on one of the faces of an equilateral triangular prism getting 


refracted parallel to the base and emerging with an angle 60°, so the first angle of 
incidence (ф D of the ray equals +: : 


@30° OLS ©60° @90° 


[second] Answer the following) questions 


@ Why is the refractive index of any transparent medium always greater than one? 


@ In which phenomenon; refraction or diffraction, does the wavelength of the used light 
remain unchanged? And why? 


(137 When putting а blue light source in the center of a glass cube which was surrounded by 
white screens facing its lateral faces, a circular light spot appeared on each of 
the screens, explain what happened. 


[1] A thin prism on which 


Test on 


Chapter Two 


à White light ray is incident with an angle $ has a dispersive power 


that equals O What happens to the dispersive power of the prism when increasing the 
angle of incidence of the light tay? Explain your answer. 


[i57 A student carries out Young's double-slit experiment by using a monochromatic red light, 
so an interference pattern appears on the screen with a certain dimensions. How can 
the student get the same interference pattern using the same double-slit but with a 
monochromatic blue light? 


® If you have two different transparent materials A and B and you want to make a double 
layer optical fiber. Which of the two materials will be used for the core and which of 
them for the external layer? Explain your answer. 
(Knowing that: the refractive index of B is greater than that of A) 


[17] А light ray fell with a small angle of incidence on one of the faces of an equilateral 


triangular prism and 


emerged from the opposite face with a certain angle of deviation, 


what would happen to the angle of deviation if the prism was rotated slowly in such 
away that the incident ray gets closer to the base of the prism? 
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First Choose the correct answer 


@ If the ratio between the frequency of the sound of the voices of a man to that oa girl isd 
» the ratio between the speeds of their sounds respectively in air equals ---------- · 


Ор OF 
од @t 


of 4 cm/s, so the frequency of the vibration equals се. + 


[2] Тће оррозне figure shows а load vibrating with an average speed : 


@6Hz ©3Hz 
GHz (3 Hz 


Ө The figure shows a double-slit experiment where 
Pand Q are the slits. If the path lengths PX and Ox 
are nA and (n + 2) respectively, where n is an integer 
number, À is the wavelength and the order of the central 
fringe is zero, what is formed at X? 
First bright fringe. 
(b) First dark fringe. 
© Second bright fringe. 
@ Second dark fringe. 


Ө In Young’s experiment, a monochromatic light is used to 
illuminate the two slits A and B. Interference fringes are 
observed on a screen placed in front of the slits. Now if 
a thin glass plate is placed vertically in the path of the 
beam coming from slit A, what would happen to the fringes? 
(а) The fringes disappear. 

(b) Their width increases. 
(c) Their width decreases. 
(d) Their pattern shifts. 
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Accumulative Test on 


[57 If the critical angle from a medium to vacuum is 30°, the speed of light in the medium 
РНР 


(3x 10° m/s 


(Where: c = 3 х 108 m/s) 


(06x 108 m's 


Ө In а Young's double-siit experiment, the fringe width that is obtained when conducting 
the experiment in air equals 0.4 mm. If the whole apparatus is immersed in water of 


refractive index 4 without disturbing the geometrical arrangement of the apparatus, 


the new fringe width will be .......... . 


@ 03mm (b) 04mm 
(00.53 mm (d) 450 microns 


Q9 The frequency of a tuning fork is 384 vibrations per second and the speed of sound in air 
is 352 m/s. How far the sound has travelled as the fork completes 36 vibrations? 
(23m (b) 13m 
©23m @33m 


Ө А light ray falls on one of ће faces of a thin prism of an apex angle 95 refractive index 


for the blue light 1.664 and refractive index for the red light 1.644, then the dispersive 


power for this prism equals -= + 


(a) 0.05 (©) 0.04 
(€) 0.03 (8) 0.02 


© A ray of light passes through four transparent media 


with refractive indices И, „И, H3 and |, as shown in 
the figure. The surfaces of all media are parallel. If 
the emergent ray CD is parallel to the incident ray AB, 


the correct relation is + 
Gu =n, 
(b Hy = Hy 
(zu, 
(bu, -u, 
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Lr 
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= = 


@ The opposite graph represents the relation between 
the second angle of incidence (ф,) and the first refraction 
angle (8,) when the light ray passes through a triangular 


prism, If the critical angle of the prism is 41.8°, then 


the minimum deviation angle of the incident light ray is «+ $ 
(a) 8.43° (b, 10.2° 
O11 46 (d) 20.25° 


[secondi Answer the following questions 


@ A tower clock makes a signal of light with a whistle every 1 hour. A man at 8 km from 
the tower sets his watch by the light signal of the tower. Another man sets his watch by 
the sound of the whistle. If the two watches of both men have a time difference 3 seconds, 
calculate the distance between the man who sets his watch by the whistle and the tower 


and find which of their watches is more accurate? 


(Knowing that: speed of sound in air = 360 m/s, speed of light in air = 3 x 108 m/s) 


(127 If the distance between the second crest and the seventh one of a transverse wave is 


20 m and the time interval between the first crest and the fifth one when they pass 
a certain point in the path of the wave motion is 0.1 5, calculate: 
(a) The wavelength of the wave motion. 


(b) The frequency of the source of disturbance. 


(c) The wave speed. 


—————— Accumulative Test on 


Chapters 1 & 2 


[187 A light ray falls on water surface with an angle that equals 45°, calculate the angle 


between the reflected ray and the refracted ray 


(Knowing that: The refractive index of water = | 33) 


Q Light ray of wavelength 5 x 107 m falls from air on the plane surface of a glass piece 
whose refractive index equals 1.5. Calculate: 
(a) The speed of light in the glass. 
(b) The frequency of light ray in the glass. 


(Knowing that: The speed of light in air 2 3 x 10° m/s) 


[157 A triangular prism ABC of angle 30° has its face AC silvered. 
A ray of light is incident at an angle of 45° at the face AB 
and reflects back on itself at face AC. Calculate the 


refractive index of the material of the prism. 
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UNIT 


O A hin glass prism of refractive index 1.5 is put in a transparent liqui “nose refractive 
index is 1.2, calculate the apex angle of the prism if the ray deviates оу ^gle of 
2 degrees, 


@ 


In one of the experiments to find the wavelength of a monochromatic light using Young’s 
double slits experiment, the distance between the double slit and the observation screen 
was 2 m, then the following results for the distance between two successive bright fringes 


(Ay) and the reciprocal of the distance between the two slits ep were recorded: 


| Ay х 10(m) | 10 b 18 25 30 
· и 


| Тху | 09 1 


а 24 25 


(a) Plot the relation between (Ay) on the (y-axis) and d on (x-axis), 
(b) From the graph find: 


1- The value of both (a) and (b). 


2- The wavelength of the used monochromatic light. 


234 


CHAPTER 


Chapter objectives 


By the end of this Chapter, the student will be able to: 


* Distinguish between the steady flow and * Carry out some activities to explore 
turbulent flow. the viscosity concept. 

* Mention the characteristics of streamlines. • Explain viscosity. 

* Mention the conditions of steady flow of * Know the concept of viscosity coefficient 
aliquid. and its measuring unit. 

* Define the rate of flow. * Explain some applications of viscosity, 

* Deduce the continuity equation. + Acquire the skills of solving problems on 


laws mentioned in this chapter. 
* Explain some applications of the continuity 
equation. 


———<—— Е 
Lesson One 


D The states of matter 


You have studied in the previous years that matter c; 


[Et um wu 


Its molecules are tightly 


an be found in one of three states; 


EE oum 


Its molecules are close 


Its molecules are Separated 
packed (the spaces together with no regular by relatively large spaces 
between them are very arrangement and they can With no regular arrangement 
small) and they are locked move and slide past each and they move freely at high 
into their places in a regular other, so a liquid doesn’t have Speeds, so a gas doesn't have 
pattern, so a solid has a definite shape and it takes à definite shape but it takes 

au the shape of its container, so the shape of its container, so 
definite shape and volume. it is called a fluid, sealei atii , 
= 


Examples Examples Examples 
Y Y Y 
У Water С 7 
O N and Chlorine 
lass oil gas 
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2 From the previous, a fluid can be defined as follows: 
A fluid: · 


It is a material that can flow and has no definite shape. like a 
liquids and gases. yn? 


E Fluid 
In this chapter, we will study only two of the properties of the moving fluids which are: 


Lesson One 


| Flow] 


The flow of liquids are classified into two types: 


D Steady flow | Turbulent flow ) 
i Steady flow. 


When a liquid moves such that its adjacent layers slide smoothly over each other, 
we describe this motion as a laminar flow or a streamline (steady) flow, where 
every small amount of the liquid follows a continuous imaginary path called streamline. 


Е Characteristics of streamlines: ) 

1. They are imaginary lines that do not intersect. 

2. The number of streamlines at any cross-section 
of the tube is constant. i 

3. The direction of the instantaneous velocity Liquid 
(v) of a small amount of a liquid at a certain molecules 
point along a streamline is determined by 
the tangent of that streamline at that point. 

4. The flow speed of a liquid at a point is determined by the density of streamlines at that 
point, so the speed of fluid flow increases by increasing the density of streamlines at that 
point and decreases by decreasing the density of streamlines. 


| Density of streamlines at a point : --- 
| Itis estimated by the number of streamlines that pass 


; Perpendicularly through a unit area surrounding that point. 


Streamline flow 
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|| Conditions of steady flow : ) 


1. The speed of the liquid at one given point along the path of the liquid remains constant 


and does not change as time passes. | 

2. The flow is irrotational , i.e. there is no vortex motion. 

3. No frictional forces exist between the layers of the liquid. 

4. The flow rate of the liquid should be constant along its path Саса ну the liquid is 
incompressible and its density does not change with distance or time. 

5. The liquid fills the tube completely such that the amount of liquid (volume and mass) that 
enters the tube at one end equals the amount of liquid that emerges from the other end in 
the same time interval according to the law of mass conservation. 


The opposite figure shows a liquid flowing steadily 
in a tube from one terminal to the other, so the 
ratio of the numbers of streamlines through the 
cross-sections x : y : zis 


@2:1:4 (5)1:2:4 
©2:4:1 @1:1:1 
Solution 


In the steady flow, the number of streamlines through any cross-section of the tube 
remains constant where the streamlines don’t intersect. 
2. The correct choice is (d). 

What) you are asked to determine, at which of the three cross-sei 


ctions x, y orz, 
If the density of the streamlines is higher, 


what will be your answer? 


© Test yourself. 
| % The opposite figure shows a liquid flowing Steadily 
2 


| 
from terminal x to terminal y in a tube, determine if x 5 = y. 
| the following statement is true and explain your answer: 


i T | 
The speed of the liquid at terminal x = The speed of the liquid at terminal y 
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ua Density (p) : ·- 


Itis the mass of a unit volume of the 
Consider a quantity of volume Ms material. It is measured in kg/m? and 
ol 


iai a rom the relation: 
and mass m of a liquid of density p calculated from 
p | . p= 
flowing through a cross-sectional V 
area of a tube A at velocity У whe рандаи а 
it covers a distance Ax in time At as [^ | x 


in the figure, then: Д U 


Concept 


The volume of liquid that flows steadily | The mass of liquid that flows steadily 
through a definite cross-section of through a definite cross-section of 
a tube in one second. à tube in one second. 


Deducing the equation 
e А. LAM 


= AAx w m=pV = рАдх 


ils kg/s 


AN 
oll — Q 
VM At > 


> From the previous, we conclude that: 
When the ae flows steadily across a tube, the flow rate (volume or mass) will 


be constant at any cross-section of the tube. 
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[um 
z 
2 


Deducing the continuity equation (the relation between the liquid flow speed ang 
| hz cross-sectional area of the tube) : 


© Assume two different cross-sections of a tube that contains a liquid of density p, flowing 


steadily as in the following figure: 
А 


| In the first cross-section (A) In the second cross-section (A 2) | 
Тће volume flow rate 
i 
Q, = Агу i Q, = Ау, 
The mass flow rate 
ae 


да E PAW, | Qa = рА,у, 


77 The liquid flows steadily. 


“. The flow rate (volume ог mass) is constant at any cross-section o 


f the tube. 
· РАЈУ = РА;у, “AW, =A, 

Ies 
5 5 
ЕЎ 

А = тї“, where r is the radius of the tube cross-section. 

ls a d 

(Cn 00m | ited : 

E E È ; Where d is the diameter of the tube cross-section. 


© From the previous, ме can conclude that : 


The speed of a liquid that is flowing steadily in a tube at any 
proportional to the cross 


point is inversely 
-sectional area of the tube (as well as the square of the radius of 
the tube and also the square of its diameter) at that point. 


Chapter 4 
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Я When the liquid flows steadily in a tube that branches into a number of branches of: 


4 Different cross-sectional areas "The 


then 
A= Азу + Азу + А | АПУ] = nÀ,v, 
2 2 2 а | (where n is the number of branches) 
Түү =r Va +03 V3 +14 У, 


4 | 22%. op? 
| 21 = v; 


CNET 2 2 
di Vv, 705 v + di v4 + d4 v, 


| 


Notes Н 


(1) When a liquid flows steadily in a tube of non-uniform cross-sectional area, we can 


| NO, 
i divi =nd, у, 


p 
f 


| 
| 
| of the cross-sectional area 
i 
S 


(x) 


As follows 
——— 


(2) When opening multiple taps together to fill a container with a liquid such that 
the flow rate of the liquid from each tap is (Q,),,(Q,),,(Q,);, then the total 
flow rate (0 ) of filling the container is calculated from the relation: 


TN Q, = (QJ, + Qo + Q)s 
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= 
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> 

(3) When a liquid flows steadily in 


6 © 6 € Q 
og 8 


Q ER m 
Е | 


(4) When a liquid flows in a tube with two different cross-sectional area; 


== 


a tube, then at any cross-section of ће tube; 


(To compare the liquid flow at both cross-sections | 


(Q © (0, 
(Q,0, (9 (0,» 


1. The flow of blood in blood capillaries: 
The speed of blood flow is faster in the main artery than 
that in blood capillaries because the total cross-sectional 
areas of the blood capillaries is greater than the 
cross-sectional area of the main artery, so the speed of 
blood flow decreases in the blood capillaries where [ 724 д 


(v ос +). Blood flow is slower in the blood capillaries to allow gases exchange (оху, 
and carbon dioxide) with the tissues and supply them with nutrients, 


gen 


2. The design of gas burners holes: 
The holes of the gas burners in the stoves 
are designed to be small so that the gas 
rushes out with high speed (v ос +) to 
control the direction of flames. 


3. The design of the nozzle of the fire hose: 
The fire hose is designed to end with 
a narrow nozzle so that water rushes 
out with high speed to reach far places 
quicker. 


Chapter 4 


имаа M —À— = — ———— 
1 
Water flows from a water tap in the rate of 0.5 kgls, so the time required to fill 
a container of volume 2 nr! using this tap is о. 
(Where: P o, = 1000 kel?) 
OLUR (94x 1008 (©) 10's (ya x 104s 
e 3 
water = 1000 kg/m 
_ 2 х 1000 
7 05 
=4 х 1035 
2. The correct choice is (b). 
the water flow rate from the tap is 0.5 liter/s, will this change the time required to 
fill the container? 
2 
The opposite figure shows a water container of volume Va which can M 2 
be filled using two water taps x and y such that if only tap x is used, wey 2а 


the container takes 15 minutes to be filled but if only tap у is used, 
the container takes 30 minutes to be filled, then the time required to 
fill the container by using the two taps х and y together is ........... И 


(9) 5 minutes (b) 10 minutes 
(© 15 minutes @ 45 minutes 


V 


„Уа Va 
t t 
x y 


` The volume (V) of the container is fixed. 
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| in. 


| E 
| = eee — - 
dad 


T 
| 
| 
| 
| 
| 


П 
+ 
Ш 
+ 

I 


~ C= 10 minutes 


^. The correct choice is (5). 


What | a third tap z is used which individually fills the container io 10 minutes, so What js 
if 


the required time to fill the container using the three taps together? 


A liquid flows steadily in a tube as in the opposite 2A 

figure. If the cross-sectional areas of x, y, z are " 
A,A,2A respectively and the liquid speeds at 
the cross-sections X, y are у, 2 v respectively, z 
then the liquid speed at z equals . 


7 The correct choice is (c). 


A water pipe of diameter 2 cm in which water 
enters a house, where its diameter becomes 1 
1000 kglm?, calculate: 

(a) The speed of water in the pipe inside the house. 


(b) The volume and the mass of the water that flows eve 
section of the pipe. 


flows with a speed of 0.1 mls. The pipe 
ст. Given that the density of water is 


ry minute through any cross- 


Solution 


1000 kg/m? 
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Du 42 
(a) dj V, =4 v; 
(2)? x 0.1 = (1) xv, 


Y47 0.4 m/s 


= = Шорана 
(b) Уа = ЗА У = nva 


7 
=1.89 x 10? m? 


та = pV, = 1000 x 1.89 x 103 = 1.89 kg 


The average speed of blood in one of the arteries of an adult person is 0.33 mls. If the 
radius of that artery is 0.7 cm and it distributes blood to 30 smaller arteries each of 
radius 0.35 cm, then the average blood speed inside these small arteries equals ........... а 


@0.011 m/s (50.022 m/s (€) 0.033 m/s (d) 0.044 m/s 
Solution 


s = 2, 
АЛ = niv, 


(0.7 x 0.33 230 x (035? x v, 


v, = 0.044 m/s 


<. The correct choice is (d). 


A tube of radius 5 cm ends with a stopper having 
3 holes of radii 0.5 cm, 1 cm and 2.5 cm. 

If the speeds of water when emerging out. from 
the three holes are 2 mls, 0.8 mls and 0.3 mls 


respectively as in the figure, calculate: 


(a) The speed of water in the main tube. 
(b) The volume of the flowing water in the main tube during half a minute. 
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Solution 


г =0.5 ст i i 


0.8 m/s : | = 0.3 nus 
(а) = Ai = Азу + AV, АМА 


Ry stvn rdv edv, 
GY x v = (0.5? x 2 + (1)? x 08 + (2.5)? x 03 
v= 0.127 m/s 


(b) Va = (Q) te Av t= mv t 


2 
= 2 x (5 x 103 x 0.127 x 30 = 0.03 m? 


e Test yourself. 


o Ж Water flows inside a tube of radius 2 cm with a speed of 1 m/s. Calculate each 
of the volume flow rate and the mass flow rate for the water in the tube. 
(Given that : Water density = 1000 kg/m?) 


Е Choose the correct answer: 


(1) Water flows steadily inside a horizontal tube with a certain speed. If the tube 
diameter decreases to the quarter of its initial value, then the flow speed of 
water in the narrow part .......... . 


(а) becomes quarter its original value 

(b) decreases to x of its original value | 
©) becomes four times its original value | 
@ increases to 16 times its original value | 


(2) A liquid flows steadily in a tube of radius r with a speed v. The tube branches into 
five smaller tubes each of radius 0.2 r, then the liquid speed in any of the branches 


equals .. 


(202 v (v (02v @5v 
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(3) The opposite graph represents the | 
relation between the flow speed (v) v (m/s) 


| 
of a liquid at a certain point inside a А LA | 


tube and the reciprocal of the cross- 
sectional area (5) of the tube at % 


that point, then the volume flow гаје * 


of the liquid equals .. 
(a) 107^ m?/s 

(5) 107? m/s 

© 1 3/5 

@ 10 m?/s 


EI Turbulent flow. 


© The flow of a fluid becomes turbulent which rgo 
is characterized by the presence of small eddy ——— Qr 


currents forming vortices as in the figure when: 


слутња 
А x10 (п) 


02 04 06 08 | 


Eddy currents 
- The speed of the fluid exceeds a certain limit. 


- А gas transfers from small space to a wider 
space or from high pressure to low pressure. | 


Turbulent flow of the smoke 
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Fluid Flow Leg 
Questions on : 
Lesson One 


The questions signed by 3C are answered in detail. [9 Understand @Apply Higher Order T 


H E ] Interactive test 
Ea Multiple choice questions 


e In steady flow of liquids, the ratio between the number of streamlines passing 1 


the wide part of a tube to that in the narrow part of the same tube is 
MN 


greater than опе (Б) 1е55 than one © equal to one 


(d) indetermiizble 


Ө In steady flow, when the cross-sectional area of the tube decreases, the density of 
° streamlines ........ 


(b) decreases but doesn't reach Zero 
(d) remains unchanged 


ИР, 
ме) vanishes 


gy © momentum @ density 
Ө The number of streamlines of a liquid which 
^ surrounding a certain point indicates 
@ the liquid speed at that point 
T) the mass flow rate 


Passes perpendicularly throu gh a unit area 


© the volume flow rate 
@ the liquid density 


Ө If the cross-sectional area of a tube in which a li 
^ the double, then the volume flow rate 


quid flows Steadily gets increased to 


(а) increases to the double (E) decreases to its ‘die 
(c) remains constant (8) decreases to — 


Ө In the opposite figure, a liquid flows steadily in a tube, so 
* the physical quantity which is greater at cross-section x than 3 
at cross-section y is ~- 
(8) the liquid speed í 
Ф) the volume of the flowing liquid in unit time N 


© the mass of the flowing liquid in unit time 
© the number of the streamlines through the cross-section 


~zo] 


ae 


Questions on Chapter 4 


@ The ratio between the mass flow rate and the volume flow rate for a liquid that flows 
© steadily equals ---.--..... 


Lesson One 


(a) the cross-section of the tube (b) the time of liquid flow 


(©) the speed of liquid flow 


QU A liqui of d 


„| + 
0.5 m^ with а flow rate of 10 ke/s, then the flow st 
g n the tlow sj 


(dì) the liquid density 


v 1000 | 3 


Vs steadily 


equal to vee 


(8) 200 m/s (8) 50 mis ()002m/s  @ 0.05 m/s 


О 3K Water flows steadily in a tube of diameter 2 cm at a speed of 5 m/s. Thus; 
(i) The volume of water which is flowing through the cross-section of the tube in one 
minute equals .--------:. (Where: л = 3.14) 
@9.42 m? ©0.19 m? ©0.0942 m? @0.001 m? 


(ii) The time required to fill a tank of volume 20 m? by using the flowing water from 
the tube is - 


(2) 127.38 minutes (©212.31 minutes — (2)3.54 minutes — (d) 2.123 minutes 


Ф Ж A water pipe has cross-sectional area 4 cm? at the ground floor and 2 cm? at the upper 
floor. If water is flowing steadily inside the pipe such that its speed at the ground floor 
was 2 m/s, then: (Given that : Water density = 1000 kg/m3) 
(i) The flow speed at the upper floor is =+- 


(2) 1 m/s (5)2 m/s ©3 m/s (8)4 m/s 


(ii) The volume flow rate of water at the ground floor equals --- 


(8)4 x 107* m/s (6x10^m's (0)8 х107* ms @ 12x 107 m/s 
(iii) The mass flow rate of water at the upper floor equals ----.---. 
(a) 1.2 kg/s (6) 0.8 kg/s (2)0.6 kg/s (d) 0.4 kg/s 


(11) Water is rushing through a pump opening of cross-sectional area 5 cm? at a speed of 
* 12 m/s. The mass of water coming out from the pump within 30 minutes is .-.--.-.-.. 


| (Given that: Density of water = 1000 kg/m?) 
| @ 18.2 x 10 kg (5) 15.1 х 108 кв (0)10.8 х 10ка @8.6x 10? kg 


С Æ Water flows through a hose of diameter 1.2 cm at a speed of 3 m/s. If the speed of the 
water that comes out of the nozzle is 27 m/s, then the diameter of the nozzle of the hose 


1 02cm (8) 04 cm (c) 0.6 ст (80.8 cm 
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| a 
га 5 
at ils speed and its mass flow rate at 
W Water flows steadily through a tube XY such that its spec 
| ter speed at cross-section Y 15 У. 
Cross-section X are v, Q, respectively, If the water sp > 
then its mags flow rate is egal (бе á " 
m 
m , m 
2) 5 1 
QEL о, (9, a 
is- 
e he graph that represents the continuity = for liquids flow i 
IPM - | 
15 
Ө) 


@ 


(B ka liquid flows Steadily in a tube of radius r at a speed of 4 m/s if the radius of the tube 


increases to reach 2 r at its end, then the emergin 
equals ........... 


speed of the liquid out of the tube 


(2) 1 m/s (552 ms ©4 n/s (8) 8 mis 


O оп flows in a tube x ata rate of 6 liters/minute and gets out from another tube y which 
É s 
is connected to the first tube x at a speed of 4 m/s, then the cro 
Second tube y equals ... 


(8)15 x 103g? (15m? 


SS-sectional area of the 


(25x10? m? @0.025 m? 


(9 Æ Water flows Steadily in a tube of cross-sectional area 10- m 
o 


if the volume of water 
which is coming out from the tube within 30 minutes is 18 m), then 


Volume flow rate (m‘/s) | Speed of water flow (m/s) ) 
(= 0.01 10 
(b 001 600 
© 06 Юю 
© 0.6 600 
(18) If the cross-section of a tube has increased to the double in steady flow, then the flow 
kf speed -++ 
(3 gets doubled (b) decreases to half its value 
© gets quadrupled @ remains constant 
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Questions on Chapter 4 


Q If the ratio between the 


radii of two cross-sections of a tube in steady flow is 7, 
c 2 


then the ratio between the speeds of the liquid through them respectively is 
a+ | 2 4 
B 4 Eg T ^] 
@* The speed of sieady flow of water in a wide part of a tube is 1.2 m/s while 


ТГ OW partis У " " i 
in a Narrow part is 6 m/s, then the ratio between the diameter of the wide part 


and the diameter of the narrow part respectively is 


: 
од Or: 95 oË 


@ Æ A liquid flows steadily in a tube that tapers from radius r 


o В 5 s 
at one end to radius 71 at the second end as іп the opposite EN. 


s E = 
figure, then the ratio between the speed of the liquid in the FE e 
first cross-section of the tube and its speed in the second т 4 


cross-section of the tube equals ----------. 


Gi Oki 


22) Æ The opposite graph illustrates 

ОЈ the relation between the liquid flow 
speed (v) at a point in a tube and the 
reciprocal of the cross-sectional area 


of the tube 4 at that point, then: 


(i) The volume flow rate equals -- 


40 nfi од "uc 
| ©)04 m/s (d) 0.004 m/s 

(ii) The mass of the flowing liquid within 30 minutes if the liquid density is 1000 kg/m? 

equals п 

(а) 120 kg (6) 1200 kg © 7200 kg @72 x 10? kg 


[23] Ж An oil pump pumps 1.2 m? of oil within 60 s in a cylindrical tank of diameter 4 m and 
© height 3 m. If the oil density is 820 kg/m), then: 

| (i) The mass flow rate of the oil from the pump opening equals ~+- 

| (8) 0.02 kg/s (6) 5:2 kg/s © 164 kg/s (d) 18.4 kg/s 

| Gi) The time required to fill the tank with oil is «++ 


| @) 27.21 minutes (8) 31.43 minutes (c) 4243 minutes. (d) 51.54 minutes 
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[24] Ж Two liquids A, В have densities in a ratio of (= = 1) Valm?) 
Ei each flows steadily in a different tube. The opposite graph з у) A 


flows through a cross-section of each tube and the flow 


represents the relation between the liquid volume (V) that Va) и Я 


time (t), then the ratio between the mass flow rates of Ыр 
Qa 
the two liquids ( "А ) equals «+++ 
(ез) 
2 1, D 4 
95 $2 ©} (OE 


[25] Two liquids x, у flow steadily in two different tubes of the 
"" same cross-sectional area with two different speeds 1.25 v, 
V respectively. The opposite graph represents the relation 
between the mass (m) of the liquid which flows through the 
cross-section of each tube and the flow time (t), then the ratio 


between the densities of the two liquids (= P x) equals ----....... 
Py 
9 3 2 
ој OF, (04 


D Two liquids A, B flow steadily in two similar tubes, where 


5 Qm 
"* the relation between their mass flow rate (0) and their Liquid А 
volume flow rate (0) is represented graphically as in the / a 
Liquid 
opposite figure, then ratio between their densities (БА) 
B 


од об 
©2 @3 


& The opposite graph represents the relation between 
i the volume flow rate (Q y) and the mass flow rate (Q. w 7 
y 
for each of three liquids x, У, 2 where each flows steadily 
in a different tube, so .......... á 
(8) p, <р, «p, (Dp, «p, «p, Qn 
Фр, <р, «p, Фр «p, «p, 


| 
| 
| 
| 
| 
| 


Questions on Chapter 4 


Lesson One 


The opposite graph represents the relation between the 


% yolume Va of a liquid that flows steadily in a uniform 


Va (m?) 


tube and the flow time (t), so if the flow speed of the 


liquid is 0.9 nvs, then radius of the tube equals ---- 
(2)03 m 10.5 m 
(909m (d)12m | 
14 
[2] In the opposite figure, the tubes (A) and (B) are different in (A) 


© cross-sectional area and the steady flow rate of the liquid 
inside each of them is 0.3 m/s. The two tubes meet to open \ © 


in the tube (C) as in the figure, then the volume flow rate in E А 


the tube (C) is s+ n" 
(8)0.1 m?/s (50.3 xis 
(6) 0.6 m/s (d) 0.9 m/s 


Ф In the opposite figure, the speeds of the steady flow of 
© water at x and z are 8 m/s and 4 m/s respectively, then 


its speed at y is + 


@ 16 m/s (5) 12 m/s 
(€) 8 mis @ 6 m/s 


& Water flows steadily in a tube of radius 4 cm at an average speed of 0.1 m/s. If the end of 


9 ihe tube is closed with a stopper having 4 openings, each of radius 0.5 cm, then the flow 


speed from each opening is ==" (Take а 22) 
@)02 mis (8) 0.6 ns © 16 m/s (8) 5 m/s 


[52] A tube of radius r branches into а number of tubes, each of radius 0.04 r. If the flow speed 


3 A 7 
of the liquid in апу of these tubes is five times its speed in the main tube, then the number 


of the small tubes is === 


(95 (6) 125 © 140 @ 150 


& Ў Blood flows through an artery with an average speed of 0.24 m/s. If the artery 


* branches into 120 smaller arteries each of diameter that i 
the flow speed of blood in every small artery equals «77 
(8) 8 x 1073 m/s (5) 0.08 m/s ©0.032m/s (003 m/s 


s i of the big one, then 
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t 
© 3K The opposite figure shows a steady flow eo a 
"*. of water in a tube. Ігу 22v, =v, then v, 

Я аб” 
equals се Yi =v 
v (5 
(2v (D3v 

& Ж The following table shows the data ie 
h ; i В ar BA 
which describes the flow of water in P 
" 2 19 
the opposite figure: (Take :л= 3.14) D = -F 
^ 
Section Radius (cm) | Flow speed (m/s) E 
A 30 2 
B 20 M 
€ 15 3 
D 10 Vy 
E 5 15 J 
Then: 
(i) The volume flow rate at (A) equals -.......... 
(8) 0.2826 m3/s (b) 0.5652 m?/s 
(2) 1.884 m/s (d) 5652 m?/s 
(ii) The flow speed of water at cross-section B equals ........... 
(8) 1.3 m/s (5) 2.5 m/s (€)4.5 m/s (8) 5.6 m/s 
(iii) The flow speed of water at cross-section D equals ........... 
(2) 1.56 m/s (b) 7.5 mis © 10 mis @ 12.5 mis 


(36] Æ The opposite figure shows a tube that has different 
* branches through which water flows steadily. If 
the volume flow rates at branches A, B, C, E and F 
are 6 cm?/s, 3 cm?/s, 5 cm?/s, 4 cm*/s and З cm?/s 


respectively, then =-= - 


—— mu Questions on Chapter 4 


P 
e 
Directi r 5 
ection of water Volume flow rate 5 
flow in branch D of water at D Е 

into 7 cms 

into | 15 em / 

out of | 7 ems 

out of 15 cm?/s 


@ Ж A water tank takes 10 minutes to be filled using three water taps together, takes 
а Р , В 
* 20 minutes when using the first water tap only and an hour when using the second water 


tap only, then the time required to fill the tank using the third water tap only is + 


(8) 10 minutes (b) 20 minutes ©) 30 minutes @ 60 minutes 


Ещ Essay questions 


@ The opposite figure shows a liquid that flows steadily 


" ina tube, determine which of the following ratios is г 3x 
greater than, less than or equal to one: d —- 


(a) The ratio between the streamlines density at cross- 
section A and the streamlines density at cross-section B. 

(b) The ratio between the volume flow rate at cross-section A and the volume flow rate at 
cross-section B. 

(c) The ratio between the mass flow rate at cross-section A and the mass flow rate at 
cross-section B. 


(d) The ratio between the speed of liquid flow at cross-section A and the speed of liquid 


flow at cross-section B. 


Q Explain the following statements: 
a 


| (1) Streamlines in steady flow become crowded at the cross-section of high liquid speeds. 


| Qm steady flow, the liquid flow rate is always constant at any cross-section of 


| the tube. 
| (3) In steady flow, the liquid flow is slow at the wider cross-section of the tube and fast 


at the smaller cross-section of the tube. 
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(4) The cross-sectional area of the water column flowing from the nozzle of a hose 
decreases when it is directed downwards and increases when it is directed upwards. 


(5) The openings of the gas stove are made small. 


Ө In October War, the Egyptian Army used water pumps to rush wie" through hoses With 
narrow nozzles to open paths in Bar Lev Line, why do you think |) nozzles should 
be narrow? 


Ө What are the results of the following (mention the reason if possible) 
. 
(1) Increasing the speed of a steady flowing liquid to exceed a certain limit for the type of 
flow? 
(2) A main artery is ended by a large number of blood capillaries concerning blood speed? 


(3) The end of a tube tapers to a narrow opening concerning the speed of the steady flow 
of the liquid? 


| 
| 
| 
| 
| 


| 


ess of! questions, 2 


JI 
uU 
bilans CApply SoH ligher Order Thinking Skills 
First : Choose two correct answers in each of the following : 
9 The opposite figure shows a tube 2A 


А 0.5А 
through which a liquid flows steadily, pero m т 

if the speed of liquid flow at cross- ~ : 
section y equals v, the speed of liquid 


flow at .. 


(8) cross-section x equals v 

(b) cross-section x equals ES 
(€) cross-section x equals 2 v 
(d) cross-section z equals 2 v 


©) cross-section z equals 4 v 


[2] If a pipe of cross-sectional area 10 cm? was used to fill a container of volume 3600 L with 


о 
a liquid through a time interval of 60 minutes, so .. 


(@) the volume flow rate of the liquid from the pipe = e аЗ 

© the volume flow rate of the liquid from the pipe = 10? m3/s 

© the volume flow rate of the liquid from the pipe = 6 x 10? m3/s 
@ the flow speed of the liquid through the pipe = 1 m/s 

(2) ће flow speed of the liquid through the pipe = 3.6 m/s 


Second: Put in front of each of the following sentences the type of flow that it expresses: 


Steady flow Turbulent flow 
Ree 


(1) In which the speed of the liquid at a given point along its path is constant РР ) 
(2) It is characterized with the presence of eddy currents (secs ) 
(3) It occurs when a gas gets spread from a place of high pressure to a place of low 


pressure (runs) 


г (4) In which the liquid flow rate is constant along its path (sss ) 


Oil is used in egy 
| engines ay 


lubrica 
| rather tha; “сад 


vater? 


Lesson Two 


Liquids are characterize by general properties from which is the friction between the liquid 
layers during its flow. This friction produces a force that resists the sliding of the liquid layers 
above each other when it flows. This property is known as viscosity, where the concept of 


viscosity can be clarified through the following activities: 


Netii 


Steps: 


1. Suspend two funnels on two holders and put two beakers below each of them as shown 
in the following diagrams. 


2. Pour a volume of alcohol in one of them and pour an equal volume of glycerin in 
the other and observe the flow of the two liquids from the funnels to the beakers. 


Alcohol Glycerin 
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Lesson Two 


Alcohol 


Observation : 


You will notice that the flow rate of glycerin is less than the flow rate of alcohol. 
i.e. The ability of flow of glycerin is less than that of alcohol. 


(Conclusion: 
The viscosity of glycerin is higher than that of alcohol. 


1, Fill two beakers one with water and the other with glycerin. 
2. Drop a small metal ball carefully in each of them from the same height. 
3. Record the time taken by each ball to reach the bottom of the beaker. 


h h 


—L— Water [E | 
Glycerin | — 


jig —4 Water Glycerin _|__ 
E 80 


- You will notice that the ball moves faster in water than in glycerin and reaches 
the bottom of water before the other ball reaches the bottom of glycerin. 


| Le. Glycerin resists the motion of the ball more than water. 


The viscosity of glycerin is higher than that of water. 


261 


1. Fill two beakers one with water and the other with honey. 
2. Stir both fluids by 


a spoon then take out the spoon. 


(Observations. 


1. You will notice that the spoon moves harder in honey than in water, 
2. The motion of honey sto; 


ps after removing the spoon within a short time interval While 
Water continue to move 


for a longer time interval. 
L.e. The resistance of hon 


ey to the motion of bodies inside it is greater than that of water 
Conclusion: 


The viscosity of honey is higher than that of water. 


2 From the previous, we conclude that: 
The higher viscous liquid: 


1. shows higher resistance to its own motion and its flow, 


2. shows higher resistance to the motion of bodies through it. 
Viscosity can be defined as follows; 
Viscosity «eu 


It is the property that causes a resistance or a friction bet 


Wi 
preventing them from sliding smoothly above each other, 


Е Explaining the concept of viscosity : 


There are two types of attraction forces between the molecules of iater 
1. Cohesive forces: 
Attraction forces between the molecules of the same substance like T— EA 
between the honey molecules. 
2. Adhesive forces: 
Attraction forces between the molecules of a substance and the molecules of another 
substance like the adhesive forces between the molecules ofa 


drop of water and glass. 
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© Imagine a quantity of fluid confined between two parallel plates, one of them is static and 
the other moves with a velocity v as shown in the figure 


1 The layer which is adjacent to 3 1 
: А : ini ayers 
the moving plate is moving with | Sienna DUO NS 
the same velocity of the plate (v), / МОЯ ИЕ are moving with 


— -— 


the moving plate. 
2 


The layer which is adjacent to 
the fixed plate is static. 


This happens due to: 


1. The presence of friction between each plate and the adjacent layer of liquid that results 
from the adhesive forces between the molecules of the solid plate and the molecules of 
the adjacent liquid layer, so the speed of every layer is equal to that of its adjacent plate. 

2. The existence of another force between each liquid layer and the layer below it which 
resists the sliding of the liquid layers above each other causing a relative change in 
velocity between each layer and the adjacent layer. 


This type of flow is called the laminar flow or viscous flow. 


k Deducing the viscosity, coefficient: 


© Suppose two layers of a liquid separated by a perpendicular Upper layer 

distance d, then a tangential force (F) acts on the upper А -A 
layer of the liquid that has an area A causing a difference in М 

p Eu 
velocity between the two liquid layers of magnitude v,hence d | 2906 | | 
in order to make the moving layer of the liquid keep moving — y— Z 7 

-with a constant velocity, the tangential force that acts on the i 
Lower layer 


upper layer have to be equal to the frictional forces between 


the layers of liquid (force of viscosity) and this force is: 
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@ 
e ө f he Inversely proportional to 
Directly proportional to the — Directly proportional to the he " vendicular distane 
area of the moving layer velocity difference between the perpe 9066 
area he moving lay layers between the two layers 
(F ec A) the two layers 


Вес AV ^. F = constant x AY 
d d 
Я ___ Av) zl Fd 
xU Ma ay 


Where: Nys is the viscosity coefficient that can be defined as: 


Viscosity coefficient:-————— ee e e LLL Seenaa 
It equals numerically the tangential force that acts upon a unit area of a liquid causing 
a velocity difference of one unit between two layers separated by a perpendicular distance 


of one unit. 
that i ke/ms | 
№2 aes f Or, 


equivalent to J.s/m 
The factors affecting }/the)viscosity coefficient; 


јин [ евннннн 
| iqui Temperature of the liquid (The liquid viscosity 
Type cee quid decreases as its temperature increases) 
| Examples 
At temperature 20*C: Viscosity coefficient of water 


at temperature: 
8 = 209 = 103 2 

У (ni water =107 Мт“ » t= 20°C = Ny. = 10 N.s/m 
t= 100°C =1. -5 2 

> (D Duces = 1.5 N.s/m? > = Np = 1227 x 102 Мат 


> umm =10 N.s/m? 
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Area of the moving layer, 


| "Directly proportional" 


| / 
| Slope = BK = Ns 1 А | AE A LZ 
ka A, (Зіоре= sa v 


3 N 4 
Viscosity coefficient | The perpendicular distance 
for many different | 


ion ар | between the two layers. 
liquids or one liquid | ipt 
at different temperatures. F , “Inversely proportional" p 
Directly proportional Slope = АЕ =, АУ , 
Slope = ДЕ = AY ala) es 
An d 


vs VS, Р 


In the opposite figure a ship moves іп а still water 
lake, so the water speed is less at point „uuu... К 
@х Oy 
©z @k 
Solution 
The speed of the water layer decreases as we get closer to 
the static layer at the bottom of the lake. 
2. The lowest speed of water is at point k. 
7. The correct choice is (d). 


A plane surface of area 0.5 m? moves at a uniform velocity of 2 mls parallel to another 
static surface that is separated from it by a layer of liquid of thickness 4 cm, if the 
viscosity coefficient of the liquid is 1.5 kglm.s, then the force required to keep the 
surface moving with this uniform velocity is ............. з 


@375N ®50N ©67.5N @ 150N 


(is velo unnm ASN) oS да аа] | 265 


Solution 


=275N 


4x 1072 


> The correct choice is @). 


| What! the temperature of the liquid is increased, does the force required 19 keep the 


| др | Uniform velocity of the plate which is mentioned in the example in 
decrease? 


The following figures show two plane plates x, y each of them is placed above a layer of 
a liquid. If the force that acts on plate x = The force that acts on plate y, then the ratio 
between the coefficient of viscosity of the liquid below plate x and that below plate y 


vy=4 m/s 


LÀ, 1х5ж4 _10 
- (n, 8, A, Nec 03x2x2 1 


2. The correct choice is (c). 
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The opposite figure shows three horizontal — 
plates a, b and c which are placed in a liquid of viscosity 
coefficient 0.8 kglim.s. The two plates a, c are fixed 

while plate b is 


o move and its area equals 4 em’ 


If plate bis ata distance from one plate twice the 
distance io the other, then the required. force to 
move plate b with a constant velocity of 5 mls equals... 
(21 x 107^ N ®12x103N 
©0.12N @0.03 N 
n 


Solutio 


Plate b is affected by resistance forces of the liquid from above and below: 
Daly TE 


d, = dy + di. 
6224, +4. 
d, =2 cm 
dp=6-2=4cm 
Е =Е +5, 


њи Tys Ap Yo Nys A, MT 
77d. ^" d 


ab dy, 


= Ts Ap У а 2i ij 


1 I xz 
=08x4x 10x5 = as pa) ни 


*. The correct choice is (c). 


mid-distance between the plates a, c and moving with 


late b was in the 
What | P will the required tangential force to move the plate 


if the same velocity, ‹ B 
with the same uniform velocity change? 
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Applications of viscosity 


1. Lubrication of machines. 


* Machines should be lubricated from time to time, 
to decrease the heat produced due to friction and 
to protect the machine parts from corrosion and 

. increase its efficiency. 

* Highly viscous oils are used due to their strong 

adhesive forces with the machine parts, since 


they do not seep away or sputter from the 
machine parts during motion. 


Note $ - 


* Water cannot be used in lubrication because it has low viscosity, so it seeps away from 
the machine parts due to the weak adhesive force with the machine par 


2. Saving fuel consumption in moving vehicles. 
* The rate of fuel consuming in a moving vehicle 
depends on: 
1. Motion of the vehicle with an acceleration 
(changing velocity). 
2. Friction forces with: 
- The road. 


- Air (air resistance to the motion of the vehicle). 


When the vehicle moves in a uniform velocity (acceleration — Zero), so if this 
velocity is: 


Low or medium 


Higher than a certain limit | 
The air resistance due to air viscosity The air resistance due to air viscosity 
is directly proportional to the vehicle becomes directly proportional to the 
speed, so the fuel consumption becomes | square of the vehicle speed, so the fuel 
in certain rate. consumption becomes much higher. 
So, the expert driver of the vehicle limits the vehicle speed to reduce fuel consumption. 
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3. In medicine, blood precipitation i 
blood cells in plas? 


ie d (The terminal velocity « 


hen a ball undergoes a fr А AW" 
WI ndergoes a free fall in a liquid, it is affected by three forces: 


- Its weight. 


Upthrust force 


- Buoyancy (upthrust force) of the liquid. Liov'd resistance to r 
the motion of the ball of the liquid 


- Friction between the ball and the liquid due to viscosity. 
So, the velocity of the ball increases gradually till 
it attains a constant terminal velocity due to the ve 
balance of these three forces. The terminal velocity 
increases as the radius of the ball increases, so it can be determined if the volume 
of the red blood cells was normal or not by taking a blood sample and measuring its 
precipitation rate which is proportional to the terminal velocity of the falling red blood 


cells in the plasma, for example: 


When 
The precipitation rate is greater than The precipitation rate is lower than 
normal normal 
it indicates that 


Red blood cells break down, so their 


Red blood cells adhere together, so their 
volume and radius decrease. 


volume and radius increase. 


so, the terminal velocity of blood cells 


becomes higher becomes lower 


like the case of 


Anemia 


Rheumatic fever 
— Á 


ae 
Test yourself. 


Б 
= 
2 "—-— = = 


S |2 | Choose the correct answer: -— 
| А i i s on t 
| (D) A square plate of side length d moves with a uniform velocity of x n the 


| surface of a liquid of depth 2 d when itis affected by a tan A force x newton, | 
-1 o | 


so the viscosity coefficient of the liquid equals ......--- 


2 @)* 
rg a © vg 
o 95 d : 


(2) The opposite figure shows a cross-section in 
the Nile River. In this section the river flows 
to the north. At which of the shown points in 


the figure is the greatest flow speed? 


(8) At point A. (b) At point B. 
© At point C. @ At point D. 
v 
(3) A plate of area A slides with — 


uniform velocities on the water = | 
surface in two cases as shown in || ae | || 
the figures (1), (2), so the ratio AY 
between the forces ea) that are Figure (1) Figure (2) | 


2 
required to keep the plate moving in the same velocity in each case едџаіѕ ........... | 


1 95 ©1 8 


ion 


Why does a plane fly and not fall? 


The motion of a plane forms a region over 
the wings where the pressure is less than that 


below the wings, so an upthrust develops to ZAR ze 
balance out with the weight of the plane, this = де 
phenomenon is called Bernoulli's effect. 


The normal precipitation rate: 


The normal precipitation rate for the red blood cells ranges between 0 : 22 mm/h for 
men and 0 : 29 mm/h for women. 
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Viscosity Есе 


qe questions slgned by i7 


[U The resistance of a liquid to the motion of objects inside it is a result of 7 + 
* (a) the liquid density (5) the liquid viscosity 
© the weight of the liquid @ the buoyant force of the liquid 


[2] If the speed difference between two liquid layers gets decreased when а tangential force 
* is acting on the upper layer, then at the same temperature the viscosity coefficient === 
(8) vanishes © decreases but doesn't vanish 


(с) increases (9) remains constant 


@ When the temperature of a liquid decreases, its viscosity coefficient -=-= - 


W usc 
(a) increases (5) decreases 


(c) does not change (d) depends on the type of liquid 


[4] Which of the following graphs represents the relation HEN PL fan F 
between the force (F) which is required to move plate x H se 
with a uniform velocity v on the surface of a liquid parallel At 


t i ed (v) of plate x? 
о a static plate y and the speed (v) of p Static plate 


F 
M = 
© Q 


ugh a fluid in a jar, the viscosity force of the liquid which is 


F 


а) 
[5] When а metallic ball falls thro 


d P 
| acting on the ball depends on >" * 
| (b) the liquid density 


| @the ball radius 
: © the ball mass (d) the liquid quantity 
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[6] Æ When a swimmer jumps into water and reaches a certain oe then rise again to 
the surface, the force that changes its direction will be «7 
(D the swimmer weight 
«EP? the frictional force between the swimmer and water 
© the buoyant force of water that acts on the swimmer 


@ all of these forces 


@ A metallic ball has fallen once through water and another time through \ ney I oe average 
frictional force between the ball and water is F, and between the ball and олсу is Е, then 
which of the following statements for Fp F,is correct? 

GOLE. <F 
Е =F, =0 OF, =F, #0 (P, x E, ФЕ «P, 


Ө, During the free fall of a body from ће top of a building towards the ground, the | снопа! 
force between the body and air =- . 


(8) decreases (b) increases 
(€) doesn't change (d) decreases then increases 


(97 If metal ball A takes a time interval t falling from a given 
height h till it reaches the water surface as shown in the 
opposite figure, so metal ball B will reach the bottom of 


water through a time interval --.--.-..- . 


(a) t, because it covers the same distance 


(b) less than t because the viscosity of water is less than that of air | eo | 


(с) greater than t because the viscosity of water is greater than that of air 


(4) greater than t because the weight of the ball is greater in water 


[107 The opposite figure shows two identical metal 
Š balls (x, y) falling from the same height into 


x Metal M 
two identical jars containing similar volumes of is Pall “= 
oil and water till reaching the bottoms, then the он _ Waler 
average speed of ball x is eesse ] 
(a) greater than the average speed of ball y 


(b) less than the average speed of ball y 
© equal to the average speed of ball y 
@ equal to its instantaneous speed at the bottom of the jar 
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eee Questions on Chapter 4 


Lesson Two 


1 flow: 
e A viscous liquid flows steadily in a cylindrical tube. If the liquid speed along the tube axis 
T is v, then the speed of the liquid layer which touches the tube walls equals «+--+ À 


ay2 
G v c)-Y- d) zero 


@ The opposite figure show. s three ider ?ntical r 

* balls, each of them is tied by a thread and placed | 
at the bottom of one of three similar cylinders that на 
water 


contain three equal volumes of different liquids. 


Through which of these liquids the ball faces 


a greater resistance when it gets pulled out from 
the liquid with the same uniform speed? 
(@) In the hot water. © In the cold water. 


© In glycerin. @ The same force in all cases. 


6 The opposite figure shows four windmills of 
% identical turbines and blades installed near each 
other at different heights to be used for generating 
electricity, so the windmill that has the greater 
potential of generating electricity will be +--+ + 
@x y 

(Oz (dk 


[4 At relatively low or medium speeds of a car, the air resistance due to air viscosity 
L] 


Jg eee 5 

(а) directly proportional to the square of the speed of the car 
fb; directly proportional to the speed of the car 

(с) inversely proportional to the square of the speed of the car 


(d, inversely proportional to the speed of the car 


6 At high speeds of a car, the air resistance due to air viscosity is === y 
@ directly proportional to the speed of the car 
(b) inversely proportional to the speed of the car 
© directly proportional to the square of the speed of the car 


@ inversely proportional to the square the speed of the car 


Qro : vea] o С ES) c 6b 55 vals [Eg ce 
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= as 


e Туо cars (x, y) have travelled for the same distance with different speeds of 20 km/h and 
T eret у 
160 km/h respectively. If ће amount of fuel consumed in car x to cover this distance is Q, 


then the amount of fuel consumed in car y to cover the same distance is 


(3) equal to Q (b) greater than Q 
(© less than Q (d) indeterminable 


@, Ж In the opposite figure, if a tangential force of 10 N 
acted upon the upper plate to move it at a uniform 


speed of 3 m/s, then the viscosity coefficient of the 
liquid equals .......... У 


ES 
(8) 0.021 N.s/m? (6) 0.48 N.s/m? ©0.75N.s/m* (0)2.08 N.s/m? 


5cm 


© А circular plate of radius 7 cm slides at a uniform speed of 0.1 m/s on a ceramic floor 
covered with a layer of viscous liquid of thickness 2.5 mm and viscosity coefficient 
2.5 N.s/m?, then the tangential force acting on the plate is .......... : 
(ey 
(8)1.54N (b 1.32N ©124N (d) 1.12N 


Ф А rectangular plate of dimensions 50 ст, 25 cm is affected by a tangential force of 
15 N which moves it at a constant speed of 0.8 m/s on a layer of viscous liquid of 


thickness 9.375 mm, so the viscosity coefficient of the liquid is 
(a) 0.42 kg/m.s (6) 0.85 kg/m.s (€) 141 kg/m.s 


(92.31 kg/m.s 

& When a tangential force F acts on a plate of area A placed on another static plate where 
a layer of liquid of thickness d is in between, the upper plate moves with a uniform 
velocity v. What is the tangential force that makes the upper plate moves with a constant 


velocity 2 v under the same conditions? 
ŒF ©2F © 


nw) 
& 
Im 


& Æ Two plates x, y move on the surface of a 

** liquid with constant velocities Y, Vy respectively 
by the effect of constant tangential forces of 
equal magnitudes F as in the opposite figure, 

У 
then the ratio between the two speeds (22) 
y 

equals ---------- E 


21 ©} OF 
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Questions on Chapter 4 


@ When a small metal ball is dropped from a certain height into the sea, the graph that 


fo . 
* represents correctly the relation between the ball speed (v) inside water and time (t) 
is m . 


Lesson Two 


y У 


(a) 
& Ж A layer of a viscous liquid of thickness 8 cm is put between two parallel horizontal 


7 plane plates. If the viscosity coefficient of the liquid is 0.8 kg/m.s, then the force required 


о 


to move а thin plate of area 0.5 m? between the two plates, parallel to them with а uniform 


speed of 2 m/s and at a distance of 2 cm from one of them equals се . 


(13.33 N (b 26.67 N с 40.52 N 1753.33 N 


[22] Æ A layer of thickness x of a liquid of viscosity 0.2 kg/m.s is confined between two 


plates, one of the plates is static and the other which has an area of 2 em? is moving with 
auniform velocity such that it covers a distance 100 x through a time interval of 4 s, so 


the required force to move the plate equals 


@10N (P 103N € 107+ N d.O.1N 


[25] The opposite figure shows a boat pulling a skater to 
• 


move with a uniform velocity v, if the tangential force 
Which is acting on the boat is F, and the tangential force 


Which is acting on the skating board is F,, then --------- 


@F,>F, ®Е, <Е, 
(ey r - 
©F,=F,=0 @F, =F, #0 


Second] Essay questions 


| © Explain the following statements: 
(1) Aqueous plants grow close to the riverbanks. 


(2) The speed of the sea waves decreases as they get closer to the shore. 
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(3) People who are living in high floors feel the wind speed more than those 
who are living in the ground floor. 

(4) As the viscosity of a liquid increases, its resistance to the motion of solid body 
inside it increases. 

(5) A liquid restores its static condition after while of stirring it. 

(6) Itis hard to swim against the current in the middle of the river. 

(7) Moving an object in water is harder than it is in air. 

(8) It is very important to use oil to lubricate the metallic machines regularly. 


(9) Engine oils that are used in summer must be more viscous than what are used in 
winter, 


(10) Using materials of high viscosity to lubricate the metallic machines. 

(11) Water is not suitable to lubricate the metallic machines. 

(12) The sedimentation rate of red blood cells decreases in anemia patients. 

(13) The sedimentation rate of red blood cells increases in rheumatic fever patients. 


(14) Doctors can diagnose some diseases through sedimentation rate test. 


[2] What are the results of each of the following, give reasons: 
. & " 
(1) Increasing the area of a plate that moves with a constant speed in a viscous liquid to 
the double, concerning the required tangential force to move the plate, 
(2) Decreasing the temperature of a liquid, concerning its viscosity. 


(3) Not lubricating the moving machines regularly, 


(4) Exceeding a certain limit for the car speed, concerning the fue] consumption. 


Ө During a Nile cruise from Aswan to Cairo the ship captain sails the 


ship in the middle 
of the river stream but during the return from Cairo to Asw. 


an he sails close to the shore. 
How do you explain this? 


Ө) 1» which case does the submarine need 
a larger force to push it inside water with 
a given uniform velocity, while floating 


or diving inside water? 
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first : Choose two correct answers in each of the following : 
Q Which of the following graphs represent the force (F) meee 48 (Fe F 
* required to move a plate of area A in a liquid with | нит 
auniform velocity v parallel to another static plate that | | == | Р 
is at distance d from it versus one of these factors? tá rd y 
Static plate 
F F F F F 


k d Y d Y d 


© (b) © © © 


Q The opposite figure shows a plate of area A sliding 
° under the effect of a force F over a liquid layer on top 
of another static plate, so when increasing the force (F) 


affecting the upper plate, then ............. 5 

(3) the liquid viscosity coefficient increases 

(6) ће liquid viscosity coefficient decreases 

© the liquid viscosity coefficient remains unchanged 
(d) the velocity difference between the two plates increases 
© the velocity difference between the two plates decreases 


Second: From the shown figure answer the following: 


* Put the change that could happen to the liquid viscosity 
coefficient (increase, decrease or no change) in front of 
each of the following changes in the conditions for a plate 


of area A moving with a uniform velocity v over a layer of 


| 
viscous liquid of thickness d: 
(1) Increasing the area (A) of the moving plate ae ) 
(2) Increasing the temperature of the liquid ind ) 
| (3) Decreasing thickness (d) the liquid layer 
| (4 Increasing the uniform velocity (V) of the moving plate -— ) 
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Test on Chapter Hydrodynamics 
Choose the correct answer 8 


@ Water flows steadily in a pipe that is connected to a hose. If the ratio between the 
radius of the hose and the radius of the pipe is 2, the ratio between the зрос) of water 
in the hose to the speed of water in the pipe Бо D 


9 y3 
e$ 93 ©4 @5 
©) Which of the following graphs represents the variation of the viscosity coefficient (пу) 


of a liquid versus the change of surface area (A) of the plate for multiple plates that are 
moving with a uniform velocity over the liquid surface? 


Tvs Tys Nys 
A = A M A Nw A 
(b) © © 
[37 The opposite figure shows a liquid flowing steadily A 
in a tube, so - 


as MN 3A 
@) the density of streamlines at x is less than at z y | =a 

v =s 7 Ẹ 
(b) the speed of the liquid at y is less than at z T 


(c) the volume flow rate at x is greater than at z 
(d) the speed of the liquid at z equals its speed at y 


Ө Three taps are used for filling a basin, hence to fill the basin, the first tap alone takes 


an hour and the second alone takes a 1 hour while the third takes 1 hour, so the time 
required to fill the basin using the three taps together will be ............. 


3 
@ 1 hour (b 4 hour © $ hour © 1 hour 


(5) A plate of surface area 0.25 т? slides at a constant speed of 0.6 m/s above a layer 
of a viscous liquid of thickness 5 mm. If the viscosity coefficient of the liquid is 
0.95 N.s/m?, the tangential force that acts on the plate equals ........... 


(8)1425N (5)21.375N ©285N 


@42.75N 
278 


Test on 


er flow i n a hori " s 
Wat 8 steadily through a horizontal pipe to a narrow section of radius half that of 


3 
. the other sectio e mas i 

4 on, so the mass flow rate through the narrow section =-=- + 
| @) decreases to quarter h decreases to half 
| ı decreases to he 
(c) increases to quadruple i 
©) quadruple remains constant 


@ A drip irrigation system is used to drip water through 1000 identical holes, each of cross- 


Senis 2 
sectional area 8 mm?, If the average speed of water flow from each hole is 2 m/s, the 


volume flow rate in the main tube equals 


(20.08 m/s (5) 0.016 mys (8) 0.32 mys @ 0.064 m3/s 


(8) The opposite figure shows two metal balls 


(А, B) falling into two identical cylinders уу. 
containing equal volumes of the same T T 


liquid with different temperatures, which |] 


of the two balls reaches the bottom of тена TEES 
at 10°C at 90°C 

the cylinder first? 

@BallA REN 

® Ball B 


(€) The two balls reach the bottom at the same instant 


@ The two balls will never reach the bottom 


O The opposite diagram shows a liquid flowing steadily 
in a tube. If the volume flow rates in branches B and C 
are 0.1 m/s and 0.3 m°/s respectively, the volume flow 
rate in tube A equals +: + d 
(8) 0.1 m?/s (6) 0.2 m/s 

«(03 mys (d) 0.4 m/s 


© A hose has a cross-sectional area 25 cm? at the water source and 5 cm? at its end. If water 


| flows steadily in the hose with a speed of 0.4 m/s at the water source, the mass of the 


| flowing water through 15 minutes from the hose end equals == ~ Са = 1000 kg/m3) 
| 8) 500 ке (5) 900 kg (С) 2000 kg (82500 kg 
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[second] Answer the following questions 


@ What is the effect of the presence of gas bubbles inside a tube that carries a flowing 
liquid (concerning the type of flow)? 


@ A cylindrical syringe is attached to a metallic needle of cross-section 0.) m пі. 
Calculate the flow speed of the solution through ће needie if the flow rate equals 107? m? st, 


(19) The opposite figures show the positions of 
metallic balls after 2 s from dropping them 


from the same height into four different fluids | | | * | 
(a, b, c and d). j 

Rank the fluids in terms of their viscosities 2 e 

in a descending order with explanation. (8) (5 ©) © 


X14) The opposite figure shows a liquid flowing steadily A 
in a tube, at which section the flow speed of 
the liquid is higher? And why? 


a 


Test on 


Chapter Four 


Why is it necessary to use a differ 
| y to use a different type of oil for the car engine in summer than that is 
used in winter? 


@ А саг was travelling with high speed on а desert road when its driver noticed that the fuel 


was about to run out, what is the best strategy to save the fuel until reaching the nearest 


fuel station, considering what you have studied? 


@ In the human body, blood runs from the heart to the aorta which branches out into main 


arteries then into small arteries until reaching the blood capillaries. If the radius of the 


1.2 cm, the blood flow speed inside it is 40 cm/s, the average radius of a blood 


aorta is about 
10-4 cm and the speed of blood inside it is about 5 x 107^ m/s. 


capillary is about 4 x 


What is the number of blood capillaries which are branched from this artery? 


Qni Oel ov ue <А) ld du xdxd 1281 


Accumulative Test on Chapters 1,264 


| First’ | Choose the correct answers 


© Ifthe frequency of an oscillatory motion is doubled, the periodic tim 


\ doubled (b) halved (c) quartered changed 
[2] A light ray is reflected by a plane mirror as shown in the figure. | i 
The angle о equals +. i 
he angle ct equals "NA 
a o 5 SS o a 
9% 75 (p) 100 iX 


(6) 1259 @ 145° | ЊУ 
| 


[3] Water flows steadily through a pipe of diameter 10 cm with a speed of 30 cm/s. The pipe 


has 5 branches each of the same diameter. One of these branches is connected to a cylindrical 
tank. If water rises in the tank by a rate of 0.3 cm/s, the tank's diameter equals --------- 
(a)22.4 cm (©) 447 cm (©) 66.9 cm (9) 882 cm 


Ө, A liquid flows with a speed of 2 m/s inside a tube of internal diameter 1.2 cm. If the mass 
flow rate of the liquid equals 159 x 1073 kg/s, the density of the liquid equals «+++ 
(8) 176 kg/m? (Б) 353 kg/m? (€) 703 kg/m? о 937 kg/m’ 


Ө A boy is standing beside to a train rails. He puts his ear оп the steel rails to hear 


the train coming. If the boy hears the train sound through the rails 2.1 s before hearing it 


through the air, so the train is = far away from the boy. 
(The speed of sound in the rails is 20 times that in air where in air v, = 340 m/s) 


(а) 680 m (b)751 m (c)893 m (4) 992: m 


Q A thin prism of an apex angle of 9° has a refractive index 1.54 for yellow light and 


1.72 for blue light, the dispersive power for the prism equals «+--+. 
i 52 3 
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p = Accumulative Test on 


ank of water is fille "ni 
ЈА tank c Hed by opening the valves a and b 


of two Water pipes in 20 minutes, If valve b was closed 
A | i as closed, 

the tank gets filled in 45 minutes, so if valve a is closed 
Ж L ЛОВ 


nd valve b is opened the t: че fi ~ 
and valve bis opened the tank gets filled in «s 


422 minutes T ; 
Qi 22 mtn 128 minutes 


^ А " ý 
36 minul 15 minutes 


Өт" graph shows the relation between the angle of deviation (o, 
and the apex angle (A) for a group of thin prisms that are made 
of the same material. If, and A are drawn with the same scale, 
then the refractive index of that material equals + 
qn 134 (b) 1.58 
(02 (d) 1.6 


[9] Light of wavelength 0.5 jum (in air) enters the water in a swimming pool. The speed 
of light in water is 0.75 times its speed in air. The wavelength of this light in water 


(20.67 рт (p) 0.411 um (©) 0.5 um (d) 0.375 um 


[10] If blue light in the Young's double slit experiment is replaced by red light, the fringe 


width will === 
(@) decrease (5) remain unaffected 
(c) increase (d) first increase and then decrease 


second] Answer the following questions 


ФА light ray in the core (n = 1.4) of acylindrical 
optical fiber falls at an angle 0, = 49° with respect 
| to the axis of the fiber. The ray is transmitted through 


the cladding (n = 1.2) and into the air. What angle 0, 
h the outside surface 


| does the exiting ray make will 
of the cladding? 


Chapter 1,284 


= 
d2 
— 5234 | 


i ПРЕ Те 7 He 
@ A student has got a coherent light source with wavelength 547 nm. | 
a screen 90 ст away, 


wants to send light 


through a double slit with a slit separation of 1.5 mm to 
What is the minimum width of the screen if the student wants 10 display five interference 


maxima (bright fringes)? 


(19) The prism in the figure is made of crown glass. Its 
index of refraction ranges from 1.517 for the longest 
visible wavelength to 1.538 for the shortest one. 

Find the range of refraction angles for the light 
transmitted into air through the right side of the prism. 


@ Water flows at speeds v and 2 v through two branches of a Pipe to fill two water tanks 
of volumes L and 3 L respectively. If the two tanks are completely filled within the 
time interval, calculate the ratio between the diameters of the branches of the pipe 


same 


[157 A thin glass prism is of angle 7° and refractive indices for blue and red lights 1.66 and 
1.55 respectively, calculate: 


(a) The angular dispersion in the prism. 
(b) The deviation angles of red and blue lights, 


F 


Accumulative Test on 


Chapter 1,284 


A beam of light in air enters a glass block at an angle 

515 
of 30° to the glass surface, as shown, The glass has an 
index of refraction of 1.35 


(a) Find the angle labelled 9,. 


(b) Calculate the critical angle between the glass and air. 
(с) Does the light follow path A, path B, or both? Explain 


(d) Find the angle 8, . if light follows path A and 6,,. if 
light follows path B. n 


@ The following table depicts the relation between the speed of a liquid (v) ata point in 
a pipe and the cross-section of the pipe at the same point: 


(vs | 60 | 30 | 15 6 
| A (em?) 1 | 2 | 4 10 


(a) Plot the relation between (v) on the vertical axis and do on the horizontal axis. 
(b) From the graph find: 

1- The speed of the liquid at a cross-section of 5 cm’. 

2- The volume flow rate of the liquid. 
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this QR code 


for the red light, then the angular dispersion of the prism equals 


General Exam Ф 97 
Choose the correct answer (1:21) 


@ A thin prism has an apex angle 9°, refractive index of 172 for the Ы 


(2 Or 
o? (à) 


a)0.12° (6) 0.24° (с20.28° (,0.36* 
(2] In the opposite figure, a light ray falls from medium (a) at angle 
45? on the separating surface with medium (b), where it deviates 
from its original path by an angle of 45°, so the relative refractive "to 
index between the two media (,n ) equals s + 
iilis @ | © 


M 


@) The opposite (displacement - time) graph 
represents a body that moves a simple 


harmonic motion, SO «sss $ 


EG 
С The amplitude (cm) | The frequency (Hz) 


d(cm) 


M 


move it with a uniform speed of 1 m/s, 
(@) 200 cm? (5) 300 cm? 


between two horizontal parallel plates. If a tangenti: 
then the area of the upper plate equals «e 3 


(2)0.04 m? 


(4)0.05 m? 


© A layer of a viscous liquid of thickness 3 cm and viscosity coefficient 1.2 kg/m.s is placed 
al force of 1.6 N acts on the upper plate to 
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(5) A liquid flows steadily with speed v through a tube of radius r that ends by a spout of 
radius 0.5 r, so the speed of the liquid in the narrow end equals ~ 
0.25 v (0.5 у (c)2v Lay 


Ni 


| 
o If the angle of minimum deviation of a light ray that falls on one of the faces of l 
an equilateral triangular prism is 60°, the refractive index of the prisn: material 
for the incident light equals «m 5 


2 (Ls c)16 {3 


@ In Young's experiment, a monochromatic light of wavelength A = 4000 A) is used, then t 
experiment is carried out again with another monochromatic light of wavelength A= 7000 А), 
So, the ratio of the separating i between the centers of two successive fringes of the 


(Ay 
same type in the two cases (a> (y, 


ету 8 14 4 Л 
Os 5 (97 Or 


3) equals VERSA еден Ses Rd cil od Я 


M. 


e If red and blue light rays fall with the same angle of incidence ф on the Separating 

surface from the optically rarer medium to an optically denser medium, then the ratio 
8 

between the angle of refraction of red light and the angle of refraction of blue light (s) 


а b 
in the optically denser medium is не 5 


(a) greater than 1 (5) less than 1 © equal to 1 ^ indeterminable 
p 


© The cross-sectional areas of the two ends of a tube аге 0.005 m2 and 0.01 m2. If water 
flows through the tube steadily and the volume of the flowing water within 15 minutes 


is 9 m?, Tien veremos 
The speed of the water The speed of the water in 
in the wide cross-section the narrow cross-section 
(a) 0.6 m/s 1.5 m/s 
| K b) 1 m/s L5 m/s 


| (c) 0.6 m/s 2 m/s 


© 1 m/s 2 m/s 
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———— а — - General Exams 2 
e 


(0 A vibrating object makes 100 complete vibrations through 10 s, hence the frequency of 
the object equals ~... А 


(8 10 Hz 12 Hz 30 Hz 60 Hz 


@ In double slit experiment, a light ray falls on the double-slit where the distance between 
the two slits is 0.19 mm and they are 90 cm away from the observation screen. If the 


distance between the central fringe and the first bright fringe is 3 x 1073 m, so the 
wavelength of the used light is 


(3) 490 nm (©) 520 nm (©) 603 nm @ 633 nm 


@ The opposite figure represents the motion of 

a vibrating string, so the velocity of the string 

is maximum at «m s 

(3) point a ©) point b 

© points b and c (© ) points a and c 


A. 


(13] Four identical solid balls are dropped from the same height into four cylinders that 


contain the same amount of different liquids while the time that is taken by each ball to 


reach the bottom of the cylinder is recorded as the following table: 


Cylinder Time 
1 E 025 
2 | 035 
3 0.6 s 
4 | ls 


Which cylinder contains the liquid of the highest viscosity? 


@ Cylinder 1 (©) Cylinder 2 (€) Cylinder 3 @ cylinder 4 


A 
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® When a light of wavelength À is used in Young's double-slit experiment, the central 
fringe is formed at a certain position because the path difference between the two 
interfered waves at that position is equal to не . 


(20157 (5X 0.5% 0 
(15) We don't hear the sounds of explosions that happen in the Sun because they are -- 

Ө, very far (b |) transverse waves 

(o electromagnetic waves © mechanical waves 


@ Ifa light ray transfers from medium a to medium b where the angle of incidence ф is greater 
than the angle of refraction 6, the relative refractive index (a, )is m . 


© greater than 1 (©) less than 1 
© equal to 1 © the answer is indeterminable 


Р (09 A blue light source is immersed under the surface of water at a certain depth to form blue 
light circular spot on the surface of water. If the blue light source is replaced by a red 
light source, then the light spot at the water surface сен ` 


(а) vanishes (©) decreases in area 
© keeps its area © increases in area 


(18) If the ratio between the apex angles of two thin prisms of the same material equals = 2 
then the ratio between the dispersive powers of them respectively equals e 


2 i 
®ı 9$ or 22 


© If the volume flow rate of a liquid is О, in a pipe that is branched into four branches of 
the same cross-sectional area, then the ‘flow rate in each branch equals -- 


(8)4Q, (5 20, (930, o 10, 


e 


e» In the opposite figure, a tone of frequency 5000 Hz 
is produced due to the vibration of a guitar string, 
then the periodic time of the vibrating string in ms 


equals ——— . 


(8)2 x 107^ (6)5 x 107* 
(02 (805 
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? 


ight ra 5 
@ ea i гы on one of the faces of a triangular prism of apex angle 40° with an 
o 
wE ни Ени of 60° to emerge normally from the other face, then the refractive 
index of the prism ВОЛА Бано 


(а)15 141 135 071 


Emm Answer the following questions (22:27) 


(22 A thin prism of apex angle 8° and refractive index 1.5 is totally submerged in water of 


cm. 4 
refractive index 3» calculate the angle of deviation of light rays in the prism. 


(23] People in the high floors feel wind speed more than those in the lower floors. 
Explain why? 


e A plastic transparent plate of refractive index 1.5 is 
used to make an aquarium. If a light ray gets reflected 
from a fish inside the water and falls on the plastic plate 
at an angle of incidence 35° as in the opposite figure, 
calculate the emergence angle of the light ray to the air. 
33) 


(Knowing that: nater = 
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EXAM 


e The opposite figure shows a light ray that falls on 


a triangular prism of refractive index 1.5, trace 


the path of the light ray in the prism. 


(20) The opposite graph shows the relation between d(cm) 


the displacement (d) of a particle in a medium 
and the time (t) for two waves A and B, find 


the speed of propagation of each wave in 
the medium. 


Ф 
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If the critical angle of water relative to air is 48° and the critical angle of oil relative to air 


is 44°, calculate: 
(a) The relative refractive index from water to oil. 


(b) The critical angle between water and oil. 


— — 


| First | Choose tlie correct answer (1:21) 


A water pipe of diameter 2.5 cm is used to pour an amount of water of mass 11 kg in 
a bowl. If it takes 10 s to pour this amount in the bowl, then the speed of the water while 
emerging from the pipe equals не. А 


(Knowing that: p... — 1000 kg/m?, r= 22) 


®© 2 m/s 2.24 m/s 3 m/s 3.32 m/s 
= 


water 


(2) If the ratio Pe the frequency of the sound of a man and the frequency of the sound 
of a girl is 7, then the ratio between the speed of the man’s sound and the speed of 
the girl's sound in air respectively equals сене : 

a 3 4 9 
од (2 ој 16 
NL 
3) A thin prism has apex angle 9°, 
index for the red light 1.68, hence its average refractive index equals -= 


(2) 1.66 (6) 1.69 (17 (2n 


, refractive index for the blue light 1.72 and refractive 


pL EN 


A 
Ө In the opposite figure, two prisms x, y of refractive indices 
e to each other. If the apex 


1.5, 1.6 are positioned opposit 

of x is 9° then the apex of y that cancels the deviation of 
light beam due to prism x equals 777777 
Or 75 

(Or од 4 
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(6) In the opposite figure, а light ray xy falls on а plane 

mirror in position (a), then the mirror is rotated with y 
angle 0 about an axis perpendicular to the page at the L 
point of incidence to be in the position (b), so the angle 

of reflection increases by a value оре а 


or (OH 


M 


© A hammer beats опе end of a very long tube where there is a detector at the othe: 
of the tube that detects two sounds with a time difference between them of 0.2 s. 11 


speed of sound in air is 320 m/s and in the metal is 5000 m/s, then the length of 
the tube is approximately «s ` 


(а) 118m (5)343 m (c)49m (4) 684 m 


© The opposite figure shows a tube that carries a steadily 
flowing liquid. If the speed of the liquid at the two 
cross-sections of the tube (x and y) are 0.1 m/s and 
0.625 m/s respectively, then the ratio between the radii 


of the tube (2) equals A à 
2 


быы 


o In Young's experiment, a blue light of wavelength А. passes through two slits where the 
distance between them is d, so interference fringes appear on the observation sc 


(52 © 


ale 
^| 


reen that 
is at a distance R from the slits. If another light of wavelength 1.5 A is used, the distance 


between the two slits should be зе to have the same interference pattern, 
d d 


> (2 
Оук; ors ©0754 (d)154 
M 


(10) The critical angle between two media of different optical densities is 53,13°. If 
the absolute refractive index of the denser medium is 3, then the absolute refractive 


index of the rarer medium is не ` 


(8) 133 (5) 151 (c)167 @ 233 
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A triangular prism of apex angle 45° wl WE ol 
gle 45° and refractive index 1.6 is set on the minimum 


deviation position, so the angle of incidence of the light ray equals - 
113.8 : je light ray equals emen Р 
(a) 13 PN (b) 173 (3) 305 (ns 


When a light ra 


transfers fr T | 
i from an optically rarer medium to an optically denser medium 


with an angle c dence that doesn't equal zero, the light ray «77777777 * 
^3 reflects on itself Y 

qua elf (©) refracts toward the normal 
(c) refracts away from the normal doesn't suffer any deviation 


(9 Water ae with speed v through a main pipe that is branched into a number of pipes each of 
diameter те of the main pipe's diameter. So, to keep the speed of flow in the branched pipes 
the same as in the main pipe, the number of the branched pipes should be 


® 100 (5) 125 Ө! 200 


x 


@ In the opposite figure, point A represents the position Direction of wave motion 


of one of the medium molecules in which a transverse 
wave is propagating at a certain moment. If this point 
has become a trough after 1.5 5 from this moment, so 
the periodic time of this wave equals «7m 


@)2s (4s c)6s 


(5 The opposite figure represents à light ray that falls on one i 

up 50°! 
of the faces of a glass cuboid of refractive index 1.5, 50 
the angle between the reflected ray and the refracted ray | 


equals «nn # 
(2) 93° (6) 939° 
пору (d) 993^ 


@ The opposite graph represents the 


и aay di 
frequency (0) and the reciprocal of the periodic time Gp 
onant forks that vibrate 


relation between the 


with the same scale for a group of Tes 


in air, so the value of 0 equals 
(@)30° (6) 45° 
V (e (9)15 
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(17) The adjacent fringe to the central fringe in Young's double-slit experiment 1s е 
Ө always bright (0) always dark (c) determined by the medium 

© determined by the wavelength of the used light 
M. 


(18) The frequency of a wave that propagates through a medium depends оп +s ` 


(3) the amplitude of the wave (5) the source frequency 
" ©) the speed of the wave © strength of the wave 


(19) The ratio between the viscosity coefficient of honey in winter and its viscosity coefficient 
in summer respectively is 


@) greater than 1 (©) less than 1 


– © equal to 1 © indeterminable 


e The dispersion power of a thin prism depends опен 8 
© the angle of incidence of the beam on the prism 
(b) the intensity of the incident light on the prism 
© the apex angle of the prism 

C © the refractive index of the prism 


@ Two parallel light rays, one is blue and the other is green, fall on the boundary surface 
from an optically denser medium to an optically rarer medium. If the angle of refraction 
of the green ray is 90°, then the blue ray 


@ refracts towards the normal (©) emerges without suffering any deviation 
©) refracts away from the normal @ totally reflects 
ae 


EE Answer the following questions (22:27) 
Ө Machines should be lubricated regularly. Explain why? 


E 


© In Young’s experiment, a laser beam of wavelen 


gth 575 nm is used. If the observation 
slit, the distance between the center 
ght fringe becomes 2.75 mm. Calculate 


screen is placed at a distance of 2.75 m from the double... 
of the central fringe and the center of the first bri 
the distance between the two slits. 


296 


== General Exams ? 


@ What happens to the momentum of a solid body when it falls from air into water? 


(25) In the opposite figure, a light ray falls on an 
equilateral prism of refractive index лү, У 
then find : ms 


(a) The angle of emergence of the ray from the prism. 


(b) The angle of deviation of the ray in the prism. 


A 
@ A body is suspended in a vertical spring coil besides a ruler where it 
| vibrates between the marks 10 cm, 60 cm. calculate : 


(a) The amplitude of vibration of the body. 


(b) The distance covered by the body during two vibrations. 


angle of 55° on the separating surface with water. If 
the absolute refractive indices of glass and water are 
1.58 and 1.33 respectively, will the light ray totally 
reflect inside glass or emerge to water? And why? 
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| First | Choose the correct answer (1:21) 


© In Young's experiment a blue light of wavelength А. is used to pass through two slits 
Where the distance between them is d, so interference fringes appear on the observation 
Screen which is at a distance R from the slits. If another light of wave 27,15 used, 
then to have the same pattern of interference, the observation screen should be ^ 
а distance Of ss from the slits. 
R G 
9 (c) 075 R GU LSR 


@ The speed of light in а transparent medium is 2 x 10? m/s and its speed in another 


— 


Ма ЕрЕНЕ 


medium is 2.4 x 108 m/s, then the ratio between the sine of the critical angle of 


the first medium with air and the sine of the critical angle of the second medium 
СВУ 
with air Gs Ф) equals es у 


on Oş о: 94 


A wooden floor is covered with a layer of viscous liquid of thickness 2 mm 
а rectangular plate of area 0.12 m? slides on it with velocity 0.75 m/s whe 
by a tangential force of 126 N, then the viscosity coeffic! 
COALS setas 


та where 
n it is affected 
ient of the liquid 


(а) L6 N.s/m? (5) 18 Nm? (©) 24 Nha? (0) 28 мат 


Ө 


A sound wave transfers from air to iron, If the ratio between the speed of 


sound in air and the speed of sound in iron is 4 while the wavelength of 


that sound wave in air is 57.6 cm, then its wavelength in iron is 


(2)49 cm (5) 172.8 ст ©) 533.5 cm (0) 844.8 cm 
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(9) The opposite figure shows the motion of a simple pendulum 


General Exams 2 
o 


The opposite graph shows the relation between the angles of 


deviation of a light ray (o) and the angles of incidence (,) of 
this light ray on one of the faces of a triangular prism then \ "i 


the apex angle of the prism and its refractive index are 


40° eg 
gotas tycoon respectively. aa => 
(2) 60° ! — 
~ 75° L5 
©7.15 11) 80°, 1.35 


t 


(6) In the opposite figure, a light ray falls from a medium on 
the separating surface with another medium to refract 


tangent to the separating surface. If the ratio between O 
the speed of light in the first medium and that in bet 


N. 
the second medium б) = 0.73, then the critical angle 
2 


between the two media equals - 


1 ©3965 (ODE (c) 46.89* (8) 4972? 


(7) When the radius of the cross-section of a tube that carries a steadily flowing liquid 
increases, the density of the streamlines at the wide cross-section «s . 


AN - 
@) decreases (5) remains constant 
| © increases (2) the answer can't be determined 
A. 


Ө When the temperature of а liquid decreases, its viscosity coefficient «+--+ А 


(а) increases (b) decreases 
(d) depends on the type of the liquid 


(c) remains constant 


SN 


of periodic time T, so which of the following statements 

|. ds wrong? 

| The speed of the load at x > The speed of the load at y 
(5) The speed of the load at z = zero 

(©) The amplitude = The distance between z and y i 
@ The time taken by the load to cover the distance xy = — 
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(10) А rock was dropped in a still water of a lake, so it produced 100 waves in 20 5 where 


the diameter of the external circle of the disturbance was 8 m, ел 


The frequency of the wave (Hz) The speed of the wave (m/s) 


| 
®© 5 04  — 
| ®© 5 o2 č 
© 2 04 
| © 2 02 J 
| 
| " 
ij @ A liquid flows steadily in tube x of cross-sectional area 26 cm? that is branched into 
| 
| 
| (3)02 ms (b) 0.3 m/s 
| 
| 
| 


If the speed of the liquid in the tubes x and y are 0.4 m/s and 0.6 m/s respectively, so 


two tubes y and z that have cross-sectional areas of 15 cm? and 7cm? respectively. 
the speed in tube z equals се Н 
L ©) 0.5 m/s @ 07 ms 


| (D The opposite figure represents the relation between 

| the first angle of refraction (8) and the second angle 
| of incidence (,) in a glass triangular prism, so 

the apex angle of the prism equals 


| 

| (5 In the opposite figure, as the boat gets closer 
| to the shore while keeping its speed constant, s 
the athlete needs to «s 


. zom == 
N Др meer 
© row with a less force 


(5 row with a greater force 
(9 row with the same force 


| @ stop rowing 


| 


Р 
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The opposite graph represents the relation between 
the frequency (v) and the reciprocal of the periodic 
ЗЕРТ | 

time (qx) for a body that makes a simple harmonic ye 
motion, then the slope equals 


c 


aL 

a 2 1 4 
од 

\ 


(0 А light ray falls on a triangular prism and emerges 
normal to the other face as in the opposite figure, 


so the angle of incidence (ф) is = 
(2) greater than A 
(5) less than A 


© equal to A 
@ there is no relation between it and A 


= 


® The opposite figure shows a light source that 
is placed inside a transparent medium, 50 what 


Boundary H | 


happens to ray @) at the boundary surface 
between the two media? Кане те vs 
@) It gets reflected because the angle of incidence is less © 


than the critical angle between the two media 
Ө) It gets reflected because the angle of incidence is greater than the critical angle 


between the two media 
© It gets refracted because the angle of incidence is less than the critical angle between 


the two media 
(d) It gets refracted because the angle of inci 
between the two media 


dence is greater than the critical angle 


@ When the wavelength of a wave that propagates ina certain medium gets doubled, its 


speed in this medium 7777777 a 
© gets doubled 

® decreases to its half 

© decreases to its quarter 


(Ф А 
o remains constant 


NL 
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(18) Which of the following is correct when comparing between the refraction and 

the diffraction of light? 

(2) The diffraction happens when light transfers from one medium to another and 
the refraction happens when light propagates in the same medium 

(O) The diffraction happens when light propagates in the same medi» #nd 
the refraction happens when light transfers from one medium to 21: 

© Both of them happen when light propagates in one medium 


(9 Both of them happen when light transfers from one medium to anothe 
MM 


® When a light wave transfers from one medium to another, the property that d« nt 
change for the light wave is the + 


L Ө! speed (5 wavelength © frequency (djinten у 


P A tube of diameter 10 cm ends with a nozzle of diameter 2.5 cm. If the speed of the 


water inside the tube is 1 m/s, so the mass of water that flows every minute throu gh any 
cross-section of the tube equals 


(Knowing that: The density of water = 1000 kg/m, п = 3.14) 
(3) 174 kg (5) 147 kg (с) 162 kg (()471 kg 


(© The factor(s) that affect the angle of deviation of the light ray in a triangular prism 
is (are) €—€———— . 


(4) the apex angle of the prism (b) the angle of incidence of the light ray 


© the refractive index of the prism © all the previous 


- 


Answer the following questions (22:27) 


(£5 The opposite figure shows a light ray that falls from air j 
on a transparent glass plate at angle of 45°, Calculate | b: = 
the emergence angle of the light ray from the glass plate, E " | 
if the refractive index of its material is 1,52, d 


| 


0 


General Exams ? 


what happens to the есш of the interference fringes when using red light instead 
of blue light in the double-slit experiment? 


motion 


wpyery Vibraliona! motion nsidered riodi ion, bu 
à periodic motion, but 7 


is considered a vibrational motion", show the validity of this sent 


In the following figure, trace the path of a light ray that falls on mirror A until it reflects 


from mirror C. 


M 


A 


f the faces of a triangular prism of refractive index 12. 


A light ray falls perpendicularly on one 0! 
calculate the angle of incidence when the prism is 


to emerge tangentially to the opposite face, 


rotated to be in the minimum deviation position and also the angle of minimum deviation. 


The opposite figure shows an equilateral triangular 
prism of refractive index 1.5 and a mirror that makes 
an angle of 60° with one of the prism's faces. Trace 
the light ray until it emerges from the prism, then find 
its angle of its reflection from the surface of the mirror. 


First | Choose the correct answer (1; 21) 


@ The opposite figure shows a light ray that falls pea РРА 
оп a reflecting surface, so its angle of reflection 0° 
equals ~ P 


(2) 40* (b) 50° 
(©) во (8) 90° 


e A flat metal plate of surface area 0.0375 m? slides quickly with a uniform velocity 0.2 m/s 
on another static plate where there is a liquid layer between them of thickness 3 mm. 

If the viscosity coefficient of the liquid is 0.25 N.s/m?, then the tangential force that acts on 

the sliding plate equals не 8 


(2)055N (50.625 N ©0732 № (078 № 


@ A light ray falls at an angle $ on one of the faces of a triangular prism of an apex angle 
35°, then it emerges perpendicularly from the opposite face. If the refractive index of 
the prism's material is 1.5, then the value of ф is +++- С 


(2) 45° (b) 5247“ (2) 5936 @) 759 
p— 


© The opposite graph shows the relations between the speeds (v) 

of two different waves (A and B) and their wavelengths (A) when 
they propagate through different media, so which of the following 
relations is correct for the frequency (v) of the two waves? 

(2), « Uy (5), =v, #0 

©) 9, 0g @v, =v, =0 


will be much better when the wavelength of the light ray equals сене 5 
(@) 400 nm (6) 450 nm (©) 550 nm @ 650 nm 


_— 
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General Exams 2 


(0 The opposite figure shows the motion of a simple 
pendulum from X to O, if the distances NO. MN 


and LM are equal and the time intervals taken Pi 


the pendule er (hese distances are E 3 и 
i TET; 

respectively, then which of the following relations » У 

i N M 

is correct? У 

®T,=T,=T, (57,2 T,» T, 

(s) T, » T,» T, (d) T, « T,- T, 


(2) If the depth of the liquid into which an object falls increases, then the viscosity 


coefficient of the liquid at constant temperature «mmm . 


Ө, decreases (5 increases 


© remains constant @ is indeterminable 
M 


(8) If the relative refractive index from medium A to medium B is 5 , So the angle of 
2 
incidence in one of the media that makes the ray emerges to the other medium tangent to 


the separating surface between the two media equals «mms 


(3) 60° (b) 45° (c) ay (d) 30° 


(9) An artery is branched into 80 capillaries each of radius 0.1 cm. If the radius of the artery 
is 0.35 cm and the speed of blood flow in it is 0.044 m/s, then the speed of blood flow in 


each capillary equals --- 
(@) 3.37 x 10? m/s 
(©) 674 x 1073 m/s 
© 64 mis 


(8) 3.37 m/s 


© A thin prism of an apex angle 1 
| then the refractive index of its materi 


(8) 145 (5 © 156 @ 1.59 


M 


0° deviates the yellow rays that fall on it by an angle of 5°, 
ial for the yellow light equals +++- 


беба пл раје ue ESI) St su alse! [305 


E 
_ X 


i i 30 m? 
| @ Water flows steadily with a speed of 0.3 m/s in a tube to fill a tank of volume 


within 15 minutes, so the cross-sectional area of the tube equals «7777777 


(230 m? (ОДЕ 
| © 6.67 m? @ 60 m? 
H LI a 
Ф The opposite figure represents а simple pendulum that moves in 


a simple harmonic motion, so the ratio between the potential energies j 
of the load at the two positions В and C respectively is n7 / 


Of on , 


б) „Э 
| Or On SOs в 


А 


® A light ray falls perpendicularly on one of the faces of a triangular prism of an apex 


angle 38°, then it emerges tangent to the opposite face, so the refractive index of the 
prism’s material is sss " 


(153 (b) 1.59 ()16 (à) 1.68 


| 


(14) The light ray that has the largest critical angle when it travels from water to air is 


the ............. „.. Tay. 
(а) мојег (5) blue 
| © yellow @ green 


Uo (degree) 


(© The opposite figure represents the variation of the deviation 
| angle (œo) for a light ray in many thin prisms having the same apex 


angle versus the refractive index (n) of their materials, so the value 
ORX eo Р 


(@)15 ©) 
©3 Os 


General Exams 2 


en a liquid flow; i i 
Wh q 5 steadily, which of the following choices for the volume flow rate 
and the mass flow rate is correct? 


Mass flow rate Volume flow rate 3 
© Variable Constant 
© — Variable Variable 
© uu E Constant Constant 
© Constant i 


@ The opposite figure shows a light ray falls on one of the faces 
| ова triangular prism that is immersed in a liquid of refractive 
index 1.33. If the critical angle of the prism's material with air 


is 42°, then the incident light ray at рођ : 
(a) gets totally reflected 


| 
| ©) gets refracted away from the normal line 
| © gets refracted tangent to the face of the prism 


@ gets refracted toward the normal line 


(18) A light ray falls on one of the faces of an equilateral triangular prism at angle of 40°, 


| and it refracts parallel to the base of the prism, so it emerges at angle Of +11111111111 . 


| (@20° (5) 40° (2) 60° ©) оде 


(19) When a light ray falls perpendicularly on the boundary surface between two media, 
| 
E then «A 


(8020-90 @)o=0=0° ©o>e @o<e 


(20] A light ray falls normal to one of the faces of an equilateral triangular prism, so 
b 


the second angle of incidence (,) equals 


| (so (6) 45° (с) 60° @ 90° 
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@ If the temperature of a viscous liquid increases, then «7 и 


The resistance of the liquid against | 
Дена ot the euid the motion of bodies inside it 
Q increases increases 
Q decreases | increases 
© increases decreases 
© decreases decreases 


Sees J 
M FER 


(22) A light beam falls on the surface of a transparent material that has a refractive index of 


Answer the following questions С 


1.55. If the confined angle between the reflected and the refracted rays is 90°, calculate 
the angle of incidence of the light beam. 


(Knowing that: sin (90 – Ө) = cos 0) 


(23) A load is attached to a spring of length 7 cm, when it is pulled by a certain force its 


length becomes 10 cm and then it is left to vibrate. Calculate the distance covered by 
the load during five complete vibrations. 


M 


e In the same triangular prism the minimum angle of deviation (0:) differs according to 
the wavelength of the used light. Explain. 
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A lighted dd is submerged to a depth of 9 cm below the surface of a liquid. If you know 
that the radius of the smallest cork disk that can be placed on the surface of the liquid 
where its center 15 above the lamp and it is enough to block the lamp's light is 12 cm. 


Calculate the refractive index of the liquid. 


® A vibrating body produces a sound and makes a complete vibration every 4 ms, so 
the sound reaches a man at 136 m from the body 0.4 s later after producing it, calculate: 


(a) The speed of sound in air. 
(b) The distance between the centers of a compression and a successive rarefaction. 


6 A student used a monochromatic light in Young's double-slit experiment. If the distance 


between the two slits was 8 x 10? m while t 
nges was 100 cm and the distance between the centers of two 


he distance between the double-slit and the 


observation screen of the fri 
successive fringes of the same kind was 6 mm, 
(Knowing that: The speed of the light in air is 3 x 10° m/s) 


calculate the frequency of the used light. 
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General Exam 


rise | Choose the correct answer (1:21) 


\ o The figure that represents the direction of the vibration of the particles of medium (a) 
relative to the direction of the propagation of a transverse Suus D eat 
Jg наноса " 


a 


l © © © @ 


Ө The ratio between the first angle of incidence and the angle of emergence of а light ray, 
| that falls on one of the faces of a triangular prism which is at the minimum deviation 


| position, ise . 
| @) greater than 1 

| 

| ©) less than 1 

| 


© equal to 1 


| У А А ; 
( (d) we can't determine the answer without knowing the value of the apex angle of the prism 
| 


(О A square plate of side length 10 cm is sliding on another static plate where there is 
а layer of liquid between them whose coefficient of viscosity is 1.2 N.s/m?. If the upper 


plate moves with a uniform velocity of 0.2 m/s due to a tangential force of 0.6 N, then 
the thickness of the liquid layer is не 


@ 1mm @2mm iios бна» 


the second body makes 3 complete vibrations in one second, so the ratio betwee? their 


periodic times cx 1) equals es " 


OF OF о ә 


B General Exams ? 


t inhalation, the ai " 
(5) Al he air flows through the trachea with a speed of 15 cm/s. If the cross- 


sectional areas of eac Я 
h of the two branches of the trachea are quarter that of the main 


trachea and consid e 
flow is steady, then the speed of the air flow in « 
branch 1: 
а) 7.5 ~ А 
(3) 7.5 cm/s (b) 15 cm/s (с) 30 emis Gay dse 


A> " then the ratio of the distance between the centers of two successive fringes of 
dis same type in case of the first light to the distance between the centers of two 


A 
successive fringes of the same type in case of the second light (а )i a 
© less than 1 
©) greater than 1 


© equal to 1 


© can’t define the answer 


@ The opposite figure shows light rays that are "i 10.5 m- 0.5 т-ы 
3 NS Я ir п ] H 
produced from a point light source placed in тана! T LL. 
liquid | | A 
| 
1 


of this liquid is 07 
(2) 15 (5) 17 
© 18 @2 


| * a transparent liquid. So, the refractive index 


Point light source 


o The opposite figure shows a vibrating string. 
If the time required for the string to move 
from point A to point B is 0.005 s, then the 
frequency of the string equals z 
(а) 20 Hz (Б) 50 Hz 
©) 100 Hz @ 200 Hz 
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© A thin prism is submerged in water where it deviates the light M that fe all on it from 
the water by an angle of 0.9°. If the refractive index of the prism’s material is 1.5 and 
the refractive index of water is 1.33, then the apex angle Op Epia IS ннан 
approximately. 


or Or (9e = 


(с=3х " m/s) 


the critical angle of the medium with air equals --- 
(2)394* (6)42.61° Ха 48.2 (9) 5313° 


@ In the double-slit experiment, а student used laser rays of wavelength 632.8 nm and he 
placed the observation screen 1 m away from the double-slit. He finds that the distance 
between the center of the first bright fringe and the center of the central fringe is 3.2 mm, 
so the distance between the two slits is «+++: 


(2)198 mm (6) 198 pm Би 50.6 mm (@) 506 um 


© The following measuring units are equivalent to each other except не : 


(а) kg.m?/s? (b) N.s/m? © Isim? ` kg/m.s 


| © Firemen use water hoses of narrow nozzles when they extinguish fire because the rushing 
velocity of «enne З 


i water increases by decreasing the cross-sectional area of the nozzle 


(b) water decreases by decreasing the cross-sectional area of the nozzle 
(e 


‘2 water increases by increasing the cross-sectional area of the nozzle 


(d) water is constant whatever the Cross-sectional area of the nozzle changes 


hen a vibrating body passes by its original rest position 


(MME 


The magnitude of displacement zl The magnitude of velocity 
(а) maximum 
| zero 

(5 maximum 

maximum 
©) zero 
G im il. zero 

maximum 
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__________________-- General Exams ? 
i ray falls > aini А 
А light ray = on 908 of the faces of a triangular prism at an angle of incidence 60°. 
Jf the apex ar ale of the prism is 30° and its refractive index is13, then the light 
ray Pre m Li 


(a) emerges tangent to the opposite face 

©) totally reflects and doesn’t emerge at the opposite 
(c) emerges normal to the opposite face 

© changes its path by 90° 


© The opposite figure shows a light ray that 
falls from medium @ on the boundary 


а 
surface with medium Q) If it deviates from sy 0 
its path by 45°, the relative refractive index 
(nj will be ---- Е 
1 1 2 
P" b) 2 4T 
OF ОБ On Ox 


edium B, so the 


\ 


( If the refractive index of medium A is double the refractive index of m! 
ratio between the speed of the light in medium A and the speed of the light in medium B 


equals n—— M! ? | 

~ А 
© T © i Da т 
M 


® Light rays fall on two thin prisms, the apex angle of the first prism is double the apex 
angle of the second prism and the refractive index of the first prism is 1.5 and the refractive 


index of the second prism is 1.2. So, 
prism and the angle of deviation of the sec 


(or ©? ei @4 


the ratio between the angle of deviation of the first 


ond prism respectively equals «m $ 


t гау that transfers from 
- Air 


air to water of refractive index}, so the relation that represents Water 


© The opposite figure represents a ligh 
| n 


| the refraction in this cas' а 
| i 1 Sin 24 
| ORE OFTHE 

Я с sin (90 — ф) 24 
OR GS 0-6 73 


(e io eil eot | ut GES) OW sus ваја | 313 | 
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(20) When the school’s bell rings, its sound reaches the ears of students in the form 


[ OF casses waves 
Qn longitudinal 0) transverse 
(e longitudinal and transverse (d) electromagnetic 


e In the diffraction phenomenon, the waves path changes, 7 < 
© When they transfer from a medium to another 

® when they fall on a reflecting surface 

© when they encounters a sharp edge 

(9) when they collide another wave 


Answer the following) questions (22:27) 


(22] It is easier to see your reflected image on the glass window of a lighted room at night 
j when the outside is dark than seeing your reflected image in daytime. Explain. 


[ (23) Draw on the following graph paper the sine curve that represents two waves of the same 


kind A and B that propagate in the same medium and have the same amplitude but 


the frequency of wave A is half the frequency of wave B. 


——— — "LÁ P LL 2 


the dispersion of white light into ; 
]n p ite light into its components using a triangular prism, red light has 


st deviation a а i У 
| the lea tion angle and violet light has the largest deviation angle. Explain. 


(9 If the wavelengths of a specific light ray in two different media A and B are 450 nm and 
| 600 nm respectively, calculate the critical angle between the two media and in which 
medium the critical angle is located? 


© An empty tank is filled by an amount of kerosene of mass 100 kg by using a hose where 
the kerosene emerges from its nozzle with a speed of 0.2 m/s, so the tank is filled during 


| 25 minutes, calculate the radius of the hose nozzle. 
(Knowing that: Density of kerosene — 900 kg/m? , T = 3.14) 


© The opposite figure represents а light ray that falls at an angle 


| оғ45° on the face ac of an equilate 


a material of refractive index 2 and its external face ab is 
layer. Trace the path of the light ray 


ral triangular prism that has 


| silvered by a reflecting 
| till it emerges from the prism. 
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@ The opposite figure shows a light ray falls perpendicular 
to the face yz of a right angle triangular prism of refractive 


Ө 


index 1.6. The prism is submerged in a liquid of refractive 
index 1.3, then the angle of incidence of the ray on face xy 


will be 


(a) 90° 


(b) greater than the critical angle between the prism and the liquid 


If the angle of minimum deviation of a light ray that falls on one of the faces of an 
equilateral triangular prism is 30*, then 


© less than the critical angle between the prism and the liquid 
C © equal to the critical angle between the prism and the liquid 


The angle 


The refractive 


e 


30* 


of 
emergence index of the prism | 


15 


| 


& 30° B 
| 2 

© 45° 33 
Ü 

о| = | 5 


$ When a wave transfers between two different media, then 
M т 


The speed of ће wave The frequency of the wave 


remains constant remains constant 
remains constant chan: 
ges 
changes i 
- remains constant 
changes 
changes 


g 


II PENES -— - General Exams ? 


| 0 Water flows steadily in a tube, If i 
( C. IF the ratio between the diameters of its ends is 2. then 


s "d between the mass flow rates of water in them respectively is =- 
а) = 4 1 
© 3 9 3 | 
e =_= ' 
light rey falls per ісшан " " е 
(5] A lig ‘alls perpendicularly on one of the faces of a triangular prism of refractive 


i 1.05 а га 5 
iin : 5 and the ray emerges tangent to the opposite face, so the apex angle of the 
prism is ms 


(sr (6) 48° (e) 52° (4) 58° 


@ In the steady flow, the ratio between the number of the streamlines in the wide cross- 
section of the tube and the number of the streamlines in the narrow cross-section of 


the tube iS seess а 
(а) greater than 1 ©) less than 1 
© equal to 1 (1) the answer can’t be determined 


V 

@ In Young’s double slit experiment, when a light of wavelength À is used, the distance 
between the centers of the central fringe and the ninth bright fringe was 1.5 cm. Íf the 
wavelength of the used light is changed to 1.5 A, then the distance 1.5 cm will be between 
he central fringe and the center of the - 
(©) sixth bright fringe 
(d) tenth bright fringe 


the center of t 
(а) third bright fringe 
© ninth bright fringe 


= 


(3) A sound source produces 60 vibrations W: 
in air with a speed of 340 m/s, then the distance between the centers of a compression 


ithin 1.5 s and the produced wave propagates 


and a successive rarefaction equals 7 


| (2228 m (b) 4.25 т (2)5.67 m (0)8.5 т 
1 


© If the angular dispersion equalize i . 
prism is 6? and its refractive indices for the blue and the red light respectively are 1.68 


and 1.62 and the apex angle of the secon во” 
| light is 1.65, then its refractive index for the red Light is «mmm 


(35 1.64 ©) 1.63 (е) 1.62 (D 1.61 


n two thin prisms, where the apex angle of the first 


| prism is 9° and its refractive index for the blue 
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(10) Water flows stcadily through a tube of inner diamete: 


If the density of water is 1000 kg/m?, then the mass flow rate equals «m Я 
(с) 1155 kg/s (J) 1.54 kg/s 


r of 3.5 cm with a speed of 0.8 m/s 


(2) 0.385 kg/s (b) 0.77 kg/s 


(11] ^ light ray falls at an angle of 45? on one of the faces of a cuboid that is made of 
a transparent material of refractive index 1.75 and emerges from the opposite face to air, 


then iae s 


The angle of refraction of the light The angle 


ray inside the cuboid 
324* 45 
0] 324* | 30° 
©) 23.8° | 45° 


@ 23.8° 30° 


@ In the opposite figure, the angle of reflection of the light 
ray on the mirror B equals ss . 


(2)30* (6) 50° 
(c) 60° (8) 90 
A. 


the light =+ 


© From the factors that affect the viscosity coefficient, не . 
| @ the area of ће moving layer from the fluid 

(b) the temperature of the fluid 

© the speed of the fluid 

(d) thickness of the fluid layer 


ES 


(4) The opposite figure shows four light rays that fall on an @ 


isosceles triangular prism of refractive index 1.5, so which © 


of these rays changes its direction by 180°? 
@O ®® 
©® Io 


9—1 
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@ [n the opposite figure, the pendulum makes 


- General Exams ? 


— 


a half of an oscillation when it moves from 

position Е | 

(a)x to z CA | 

/ 0/Xloy | 

(Әу toa (d x Ср z 
. (у toz у 


© wavelength decreases to its half (5 wavelength doubles 
(©) speed decreases to its half (4) speed doubles 


M 


If the frequency of a wave in a medium doubles, then its 7 


the following cases except, when «57 


the second medium 


refractive index of the second medium 


the second medium 


The relative refractive index (,n,) between two media is greater than one in all of 


(a) the speed of light in the first medium is greater than its speed in the second medium 


(b) the angle of incidence in the first medium is greater than the angle of refractive in 
© the absolute refractive index of the first medium is smaller than the absolute 


@ the wavelength of light in first medium is smaller than the wavelength of light in 


Kis] Two light rays QD. Q are propagating [ + 


from the source S through glass to the air as | | 
represented by the scale which is shown in T ге 
the figure, then the angle а approximately | | T 
equals mM 7 


| er (©) 39° 


| 


| (as (@) 51° 


ha 
© The ratio between the deviation angle of th 
light is ---- after they emerge fro! 


position. 
© greater than 1 


LO equal to 1 


0) less than 1 
(0) indeterminable 


ciate 


e violet light and the deviation angle of the red 
m a triangular prism at minimum deviation 
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e In Young's experime У ic light passes throu th two slits and falls 

(6 Y g's CX] eriment, when а monochromatic ligt passes I g ! falls 
У ion seree! i are formed 0! the screen 15 duc lo 

on an observation screen, the fringes that are forme! r 


the RIA х 
(a) reflection (5 refraction (c) interference |) diffraction 


c 


e The opposite figure represents a liquid that 
flows steadily in a tube where it enters from 


terminal A and emerges from terminal B, 


then ---MMMMRR " 
@) the speed of the liquid at A is equal to the speed of the liquid at B 

(b) the flow rate of the liquid at A is less than the flow rate of the liquid at B 
© the speed of the liquid at A is less than the speed of the liquid at B 

@ the flow rate of the liquid at A is greater than the flow rate of the liquid at B 


|'second| Answer the following questions (22:27) 


e In Young's experiment for measuring the wavelength of the red light, the center of the 
bright fringe of the second order is formed at 4 x 10? m away from the center of the 


i 


central fringe. If the observation screen is 200 cm away from the double-slit and the 


distance between the two slits is 7 x 107 m, calculate the wavelength of the red light. 


х 


(€ What are the conditions requ in i 
quired for the tr langular pri mum 
a . angular pris ei ini 
ini "n prism to be in the minim 
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It’s noticed that the aquatic plant 


n the Nile river are found near the riverside and not in 


the middle of the watercourse. Explain this sente 
А псе. 


(а) The frequency of the fork. 


(b) The periodic time of the produced vibrations. 


e If you have two flexible transparent materials where the refractive index of one of them 
material and we want to use them to make an optical fiber, 


is larger than that of the 


| RC » А Е 
| then which of them is usec 2 the inner core of the optical fiber and which of 
|| 

| them is used to make the external layer of it? And why? 


(&) A triangular prism of apex FA 45° and refractive index of 17 is totally submerged 


in water of refractive index ofá = 
| deviation of the light ray that falls 


_ calculate the angle of emergence and the angle of 
perpendicularly on one of the prism's faces. 
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General Exam 


First | Choose the correct answer (1:21) 


© Load is attached to a spring where it is in equilibrium, if the load is pulled downwards 


for a distance 10 cm then it is left to pass by the equilibrium position for the first time 
after 0.5 s, then eese 2 


| The amplitude of the vibration (cm) | The 


(а) 10 1.5 
(b) 10 2 


© 20 2 
| (d) 20 15 


 — 


e Water flows steadily in a tube of radius 3.5 cm at a speed 3 m/s, then the time required to 


fill a cubic tank of side length 226 cm approximately equals +--+. 0-344) 
(2)900 s (5) 1000 5 (c) 1100 s (8) 1200s 
— = 


Ө If the critical angle of a light ray that transfers from a medium of refractive index 172 to 
another medium is 55°, then the refractive index of the second medium equals 7 à 


@)141 (5) 148 (©) 1.53 (4) 1.56 


à. 


e A light ray falls on one of the faces of a thin prism of an apex angle 8°, refractive index 
for the blue light 1.664 and refractive index for the red light 1.644, then the dispersive 
power for the material of this prism equals сен . | 


(2) 0.05 (6) 0.04 ©)003 (@002 


A (5) A light ray falls on one of the faces of a triangular prism of refractive index [2 at an 


angle of 45° and emerges from the opposite side at angle of 45°, then the apex angle of 
tHE Pri SET dg meos 


@ 45° ©) 60° © 72 © 80° 
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5 experi isi 
Jn Young's experiment, the distance between the center of the first bright fringe and the 
center of the central fringe is 2 mm, then the distance between the center of the third 


dark fringe and the center of the central fringe equals е у 


Ө zam 5mm ' 6 mm 1,7 mm 
 —— = — С MEM PEE — 


@ The ratio between the periodic time and the frequency of a tuning fork is Ed s^, 
then the number of the vibrations that is produced in 10 seconds equals 777777 : 
(а) 1636 vibrations (©) 2560 vibrations 

(©) 3160 vibrations (d) 6320 vibrations 


(8) The opposite graph represents the relation between the first $5 
angle of refraction (0,) and the second angle of incidence 
(0) when a light ray passes through a triangular prism. If the 
critical angle of the prism material is 41.8, then the angle of 20 
minimum deviation for the falling light fay 18: 

| (21727 (ey 21739 20° 40° 
| ©2546 (4) 30.259 

i. 


15 from air on the surface of a transparent medium at an angle 50°, so 


© А light ray fal 
| part refracts where the confined angle between 


part of the ray reflects and another 


the reflected and the refracted rays is 100°, then the critical angle for the transparent 


material with air is sr" О 


| 
Le 36.8° (© 4075 (c) 42.68° (d) 45.54° 


r of thickness 2.5 mm is covering a ceramic floor. If a square plate 


© A viscous liquid laye: 
of area 0.1 m? slides on 

35 N, then the coefficient of viscosity of the liquid equals «ms 

@ 075 N.s/m? (5) 125 Малте (=) 175 N.s/m? (d) 2.25 N.s/m? 


the floor with uniform speed 0.5 m/s due to a tangential force of 
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EXAM 


Р 2 А 
(11) Water sprayer has 20 identical holes each of cross-sectional area 5 тт”, the sprayer is 
1 area of 120 mm? where the water flows in the hose 


l= 


connected to a hose of cross-sectional 
with a speed of 1.5 m/s, so the speed of the water flow through the holes of the sprayer 


@0005 m/s ©) 0.56 mis ©18 mis ~ 


li 

@ The opposite figure shows a vertical section Wave propagation 
А lirection 

of a wave propagating through water from left “ B 
to right, at which two points the instantaneous 


vertical velocities of water particles are 


maximum? 


@)A,D (b)B.C 
| СЈА,С @c,D 


® In Young's experiment a blue light of wavelength À is used to pass through two narrow 
slits that are at a distance d from each other, so interference fringes appear with a certain 
pattern on the observation screen that is at distance R from the slits. If the experiment is 
repeated under the surface of water, the distance between the fringes will 


(©) remain constant 


(5 decrease 
©) increase 


© be indeterminable 
P 


(14) The opposite figure represents an equilateral 
triangular prism of refractive index 1 2, so 
the angle of deviation equals 
(2) 30° 

(5) 45° 

(©) 55° 

| @ 60° 
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LJ 


ight rays fall on two thi А 
(8 UE ii n two thin prisms, the apex angle of the first prism is 9^ and its refractive 
index equals 1.5 and the refractive index of the second prism equals 1.75. If the angle 


of deviation of the light rays in the two prisms is the same, then the apex angle of the 
second prism equals а " 


@) 6 5 ge © 8° (à) 9° 
- 
@ If the end of a spring coil is moved to make a longitudinal wave of wavelength 30 cm and 


periodic time 0.1 s then it is moved to make a transverse wave of periodic time 0.2 s that 
has the same speed as the longitudinal wave, then the wavelength of the transverse wave 


equals «9 


(8) 75 cm (5) 15 ст (c)30 cm @ 60 cm 


@ If the ratio of the angle of incidence of a light ray on the interface between glass and 


another medium to its angle of refraction in the other medium is less than one, 


@ the absolute refractive index of glass is greater than the absolute refractive index of 


the other medium 
active index of glass is less than the absolute refractive index of 


(5 the absolute refr: 
the other medium 
© the speed of light ing 


(à the wavelength of light in 


Jass is greater than the speed of the light in the other medium 


glass is greater than that in the medium 


M 


(18) A light ray falls on one of 


and emerges from the opp 
75 ф, then the ratio between the angle of deviation and the apex 


the faces of a triangular prism with an angle of incidence ф 


osite face with an angle of emergence 1.25 ф where the light 


ray deviates by an angle 0. 


angle of the prism (59 equals «eec 


ој: Oz од об 


A 
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(09 The opposite graph represents the relation between 
the volume flow rate (Q.) and the mass flow rate 


(Qn) for the two liquids A and B that flow steadily е 

inside many tubes, so the ratio between the densities er 

of the two liquids (fa) — . ü 
B 


(b)less than one 


@) greater than one 
@ indeterminable 


equal to one 
| Сога 


ayer when they 


(20) The electromagnetic waves in which the diffraction beco 
pass through aperture of dimensions 107? m are 
(3) microwaves (b)radio waves © gamma rays UV waves 


e The critical angle between two media is given by the relation; sin ф, = z and this means 
@n, «n, 
On, >n 
@n,=1, 


(d)speed of light is the same in the two media 


Second Answer the following questions (22:27) 


(22) Honey flows faster in summer than in winter, what is the reason for this? 


x 


Ө A student carried out Young’s experiment to find the wavelength of a monochromatic 


light wave where a group of bright and dark fringes are produced on the observation 
screen. If the distance between the observation screen and the double-slit is 100 cm while 
the distance between the two slits is 0.1 mm and the distance between centers of the tv 
successive fringes of the same type is 4.5 mm. Calculate the wavelength of the used light 


ан = puoi - General Exams ? 
LJ 


A bright object at the bottom of a lake of depth 150 cm sends light rays in all directions. 


a circular light spot ap Bi 
If a circula ght spot appeared on the surface of water, calculate the radius of this spot. 


(Knowing that: Refractive index of water = 1.33) 


(25] In the opposite figure, a monochromatic light falls from 

air perpendicular on an equilateral triangular prism of " 
refractive index 1.5, then it emerges again to air. The path 

of the light ray in the figure is wrong. Determine the 


wrong part and redraw the figure in a correct way. x Z 
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© А sound wave that propagates in air is producing d(cm) 
vibrations to the air particles where the opposite 


EN" = 


graph represents the relation between the 

displacement(d) of one of the air particles and 

time (0): 

(a) What is the kind of the formed wave in air? 

(b) Draw the relation between the displacement 
and the time with the same drawing scale of 
the vibration of the same air particles that 
transmit a sound wave of half the wavelength 
of the first wave and half the amplitude of 
the first wave. 


| 
| 
| 
| 


© The following figures show a light ray that transfers from air into three different 
] media. Arrange in an ascending order these figures according to the refractive 
| index of each medium where the angle of incidence of the ray is the same in all cases. 


K 
| 
(b) (c) 


(a) 
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–— Choose the correct answer (1:21) 


In the opposite figure, the angle of reflection ol 
у 


the light ray from the mirror equals «e | 
ин 5 ^ / 
©) 30 (6) 45° | 

| ow O о 


During the vibration of the pendulum, the 
velocity of the pendulum load equals zero 


at the position +: 


(2) X only (5) Y only s 
© Z only © Х апа 2 X 


(3) In Young's experiment a yellow light source is used to form interference fringes 
on the observation screen. So, to make the interference fringes more distant from each 


.. light source should be used. 


©) violet 
© red 


(4) The bottom of a swimming pool may not be seen when looking at it from the air because 


of the «mmm of the light. 
(а) interference (5) diffraction 
(c) refraction (d) total internal reflection 
x" 
Ө The ratio between the first refraction angle and the second ier of incidence in а 
t is set at the minimum deviation position rx, is 


triangular prism tha 


© greater than one (b) less than one 


)i inable 
C © equal to one (4) indeterminab'e 


TII [328 — — 


5 18) 

= = 
E MN 

[er — 


: А f incid . 
(6) If the refractive index of diamond is 2.4, then the ~ angle of incidence of a light 

à ai uals «7 
ray that falls inside the diamond to emerge to the air eq 


(@)40.2° (b) 36.2° 


(с) 324° (1) 246 


5 9. (degree) 
(7) The opposite graph shows the relation between the angles of А 


deviation (œo) for several thin prisms that have the same apex 
angle and the refractive indices (n) of these prisms, then 


the apex angle of any one of them equals «00000 E LZ. 
О Oe 4 . 


© 8° @ 10° 1 2 


~ 


(3) The opposite figure represents a light ray that falls 
normally on one of the faces of a triangular prism 

of refractive index 1.5, so its emergence angle from 
the prism equals «9 


| (230 (b) 41.81° P 4 


se 
SA 


(c) 48.59° (d) 60° 


© A tangential force acts on a wooden plate to slide оп а layer of liquid that covers 
the ground of a hall. If this force is doubled, then the viscosity coefficient of 


the liquid О . 
(а) decreases to its quarter 6) decreases to its half 
(c) increases to the double © doesn’t change 
M. 
© A horizontal rope is attached to the lower branch of a horizontal tuning fork. If the lower 
branch of the fork is struck, the fork produces two disturbances one in the rope and 
| the other in air to form mechanical waves of types «HA 
| | In the rope ] In the air 
| (а) longitudinal | transverse | 
| (b) longitudinal longitudinal 
| © transverse transverse 
C | (d) transverse longitudinal 


General Exams 2 
о 


(a)9.29° 12.06° 16.19° 33.88* 
In the opposite figure, when liquid A is placed between —v 


the two plates and the upper plate is affected by a 07 A F, 


tangential force of 100N, it moves with a uniform speed 

of 0.2 m/s and when replacing liquid A by liquid B and £ | 2 plate 
the upper plate is affected by a tangential force of 50 N, 

the plate moves with a uniform speed 0.4 m/s, then the 

ratio between the viscosity coefficients of the two liquids 


@® The opposite figure shows an isosceles right angle 
triangular prism of refractive index 1.5. If a light ray 
falls on one of its faces parallel to the base, it emerges 
from the opposite face at an angle of 0m ` 


(@) 16.87° (258° 
(о (2) 45 


o The opposite graph shows the relation between the 
ment of the motion of a medium 
a wave. If the time 


15 s, then the frequency 


vertical displace! 
particle (d) and the time ( of 
interval between A and B is 0 
of the wave equals 


^al 


15 Hz 
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EXAM 


Е : d of light 
(5 The opposite figure shows the speed of light in Tipos ОНЕ 


four media A, B, C, D, then the optically denser 


medium is +» 


© material A (5 material B 
(©) material C (d) material D LLL Medium 


M. 


(16] The ratio between the angle of deviation of blue light in a triangular prism at minimum 
angle of deviation and the angle of deviation of red light respectively is «mm 
Ө, greater than one (b) less than one 


©) equal to one @ indeterminable 
M 


@ Which of the following graphs represents the relation between the speed of propagation 
for different sound waves (v) in air and the frequency (v) for each of them? 


M Y РА јами V N. v 
(9 © © (4) 


(D Three water taps were used each one separately to fill a basin. The first filled the basin 


in one hour, the second in 4 an hour while the third filled it in 1 an hour, then the time 


4 


required to fill the basin when opening all taps together equals -- 


(2) + hour (5) i hour (c) $ hour (à) 1 hours 


X 


@ A vibrating string makes 3 x 10* complete vibrations during one minute, so the time 
required to complete one vibration is ----------.-------....... . 


-3 

(2)2 x 105 (5)3 x 10? s 
2 

©2x10?s @3x10?s 


S. 
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@ In the opposite figure, the apex angle of the triangula 
r 


prism is 
(2) 30° Ф) во 
(с) 70° @) 90° 


(1] A paning fork makes 480 vibrations per second leading to produce a wave of wavelength 
), in air, if another tuning fork makes 120 vibrations per second which produce a wave 
of wavelength À, in air, so = 
A 
24. (b) 
© 4 5 s 
©2, (04А, 
M. 


[Second Answer the following questions (22; 27) 


2) The opposite figure shows the path a light ray through a triangular 
culate the value of angle (0) by which the light ray falls 
m, thus it emerges from the prism 


> 


prism. Cal 
on one of the faces of the pris 


tangent to the opposite face. 


L 


Ө А wave travels between two d 
is larger than its wavelength in 
speeds of the wave in the two media 15 ig 


in the medium (1). 


(2) where its wavelength in one medium 
10 cm. If the ratio between the 
of the wave 


стелі media (1), 


the other medium by 
2 ), calculate the wavelength 


(e From the opposite figure, calculate the angle of incidence n= Dei 
of the light ray $,. | 


e A red laser beam is pointed toward three groups of different double-slits (A, B and C). 
If the separating distances between the two slits in the three groups are 0.15 mm, 0.175 mm 
and 0.15 mm respectively and the distances between the observation screens and the 
slits are 0.6 m, 0.8 m and 0.8 m respectively, arrange in ascending order the three 
groups according to the distance between the center of the central fringe and the center of the 
first bright fringe. 


e The opposite figure shows light rays that 

fall from a liquid on the interface with 

air, calculate: 

(a) The value of angle 0. 

(b) The absolute refractive index of the liquid. 


@ Explain why firemen use hoses with narrow nozzles 
as in the opposite figure when they extinguish fires 
And what happens if hoses of wider nozzles are used? 
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(1) If you know that the refractive index of glass is 1.5, then the figure which shows ino ti 
path of the light ray which falls on the separating surface between glass and air at angle 
of 50° is Dn 


Air 


Glass і Glass Glass 
50°! 50°! 50°! 


© © © 


© When light disperses into its components through a triangular prism, violet light will 
have greater deviation than red light because «mmn 


Ө Duiolet < Пра (©) violet Ned 


© violet * Vied Уеа Y violet 
М. 


@ A sound wave of frequency 330 Hz propagates in cold air with a speed of 330 m/s. When 


it transfers to hot air, its wavelength increases by 2 %, then the wave speed in the hot air 


equals > — 
(2) 316.8 m/s (5) 3234 mis (©) 330 mis @ 336.6 m/s 
md 


the faces of a triangular prism of apex angle 75°. 


© A light ray falls at an angle ф on one of 
Tf the refractive index of the prism’s material is2 and the light ray emerges tangent to 


the opposite face of the prism, then the value of à is «m 


| Go (5) 30° (©) 45 @ 60° 
, 


(5] A patient is injected by а needle of radius 0.3 mm, if the rate of the drug flow in 


cross-section of the needle is 0.5 cm?/s, then the speed of the drug flow in the needle 


CNN (JU = 3.14) 


@ 1.24 m/s (© 177 m/s (©) 2.42 m/s @771 mls 
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(6) А container of thick transparent walls that have а material of refractive index 1.52. 
If it contains a liquid of refractive index 1.44, then the critical angle between them 
equals «m Я 

27 68.42° and it is located in the container medium 


(7 71.33° and it is located in the container medium 
© 68.42° and it is located in the liquid 


71.339 and it is located in the liquid 


@ In the opposite figure, a simple pendulum has been displaced 
from its rest position (0) a distance 5 cm to position (x), then 

it is left to swing making a simple harmonic motion where it 
completes one oscillation in time T. Which the following graphs 
represents the relation between the displacement (d) 

of the pendulum away from its rest position and the time (t) 


during that complete oscillation starting from position x? 


d(cm) d(cm) 
! 

al T ap вики 

| 4 4 

т 
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ng's experiment, i ; 
9 In Young 8 exp nt, if red light was used then the experiment is carried out again 


with blue lig m is 

Ay), 
(a) greater than 1 less than 1 
(c) equal to 1 1 indeterminable 


(9) The opposite figure shows a load that is attached to 


a vibrating spring, so the amplitude of the vibration 


equals --- 
© 3 cm (5) вст 
(2)9 ст @ 12 ст 


(10] Water flows steadily in a tube that is branched into several identical branches. If the 


diameter of the main tube is 8 times as large as the diameter of the branched tube and the 
speed of the water flow in the branched tube is 4 times as large as its speed in the main 


tube, then the number of the branched tubes is «077777 


(2)4 (58 ©) 16 (d) 24 


M 


@ Which of the following physical quantities has a measuring unit? 
Ө, Absolute refractive index Ф) Viscosity coefficient 


© Dispersive power 


© Relative refractive index 


= 


(12) From the opposite figure, the angle of reflection of 


the ray from the mirror equals 


© 30° (5 40° 30 7 


© 60° d) 90° 


a 


(E: Deal on (He GES) Sb cL. als [за7 ~~ 


19 
= 
= 
ш 


(5 The opposite graph represents the relation between the volume да 


flow rate (Q.) and the mass flow rate (Qn) fora liquid that 
flows steadily in many tubes, then the slope of the straight line 
represents «nnm . 

(а) the pressure of the liquid 

©) the temperature of the liquid 

©) the speed of the liquid flow 


(d) the density of the liquid 


@ The ratio between the dispersive power of a thin prism of an apex angle of 5° and 


the dispersive power of a thin prism of an apex angle 10° of the same material 


–> 
tors 


91 ој Э 


(15) If the frequency of a longitudinal wave is 50 Hz, then the required time t 
a distance equivalent to half its wavelength is «77 


(80.08 s (b)045 5 © 0.02 s 
XY 


о cover 


110.015 


© An optical fiber that has a material of refractive index 2.1, is coated by an external layer, 
so the refractive index of the external layer that makes the critical angle between the two 


layers equal 32? is «m А 
OH (6) 19 (ЕС T 
ei - 


@ A light beam falls from air on the surface of a transparent 
medium as in the opposite figure. A part of it reflects and 
another part refracts where the reflected and the refracted rays 


are perpendicular, then the critical angle of the transparent 


medium with the air equals --- 
75 o (b) o 
(a) 35.26 (b) 5326 74526? (3) 5426 


- 


General Exams ? 


e distance bet 1 
Ire : tween the first crest and the z crest of a transverse wave is y, then 
the wavelength of the wave equals ---................ 


=f I | 
(05 ЭРА Oz D 


The opposite graph represents the 


sind 

of the angle of incidence (sin ф) and the sine of the angle of | 
refraction (sin Ө) for a light wave when it travels from air to 
another medium, so the speed of the wave in the medium # 
equals «99 j Я 

| 50 sind 
(Knowing that: c = 3 x 10° m/s) 
(8)2 x 108 m/s ()16x10%m/s  (25xl0ms (A) 3 x 10" m/s 


M 


(20) By increasing the distance between the double-slit barrier and the observation screen in 
Young's experiment, the «mm . 

®© fringes become more distant from each other 

©) fringes become less distant from each other 

© distances between fringes don't change 


© number of bright and dark fringes Increases 


e The opposite figure represents à triangular prism of refractive 


index 1.8 where a light ray falls on one of its faces, then 36? 


the number of reflections inside the prism equals семени ; 
© 1 (©) 2 Су 
ӨЕ (04 E 


E Answer the following questions (22:27) 


(22] "We can’t observe the diffraction of light in our daily life" Explain this sentence. 


ia) — 1. 


(6 What are the results of: 
Reducing the temperature of a liquid concerning the force affecting a solid object that 


moves through it? 


@ Calculate the ratio between the wavelengths of two waves that propagate in the same 


medium, if the periodic time of the first wave is half that of the second wave. 


M 
(€5 A light ray falls perpendicularly on one of the faces of a triangular prism of apex angle 


35° and it emerges from the prism deviated from its original path by an angle of 28°. 


Calculate the refractive index of the prism's material for this light ray. 


— gg] 
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@ А thin prism has refractive i 
‘active index for red li 
P М r dex for red light 1,5 and refractive index for blue li 
pese са i : index for blue light 1.55, 


4) The value of its average NS 
(a) ] erage deviation angle. 


(b) The angular dispersion of the prism 


e In the opposite figure: 

A point light source is placed in the water where it produces 
a light ray that falls on the separating surface between 

the water and the oil at angle of 60°. If the refractive index of 


water is 4 and the refractive index of oil is 1.8, calculate: 


ex from water to oil. 


(a) The relative refractive ind 
hen it falls on the interface between oil and air? 


(b) Will the light ray refract W! 
Explain your answer. 
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@ A tangential force acts on a plastic plate of area 240 cm? to slide it wiii 2 speed of 
0.4 m/s on another static plate where there is a layer of liquid of thickness 5 
between them. If the viscosity coefficient of the liquid is 2.1 N.s/m?, then 

the tangential force that acts on the plastic plate equals сене 


@3N (®)4N ©6N E 


@ A monochromatic light of wavelength 6000 A falls on a double slit. If the distance 
between the two slits is 0.001 m and the distance between the slits and the observation 
screen is 500 cm, then the distance between the fourth bright fringe and the fifth bright 
fringe equals +--+: à 


(8) 0.003 m (5)0.012 m (2)9 х 107^ m (03 x 107^ m 
| 


Ө Two transparent media have different optical densities, the critical angle between them 
is 55° and the absolute refractive index of the optically rarer medium is 1.36, then 
the absolute refractive index of the optically denser medium is +-+ + 


(152 (5) 1.56 ©) 1.62 (2166 


== —_— 


(© The opposite graph shows the relation between 
the apex angles (A) of several thin prisms that 
are made of the same material and the angle 
of deviation (œo) of a light ray through each 


of them, so the refractive index of the prisms’ 
A (degree) 


material ds emm . 


(2)13 (b) 14 
©15 @ 175 
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r pipe ti : two differe: 5 2 
(3) А water рії two different cross-sectional areas, one at the ground floor of 15 cm 


and one at ihe upper floor of 2.5 cm?. If the speed of w the ground floor is 2 m/s, 
then "——— $ 
The volume flow The speed of the w || 
rate (m/s) the upper floor (m/s) | 
(а) 1073 10 
(5 1073 D 
e 3x10? 10 
© 3x10? 12 


(6) А wave of frequency 100 Hz and wavelength 20 cm propagates in a medium, if it 
transfers to another medium where its speed becomes 30 m/s, then in the second 


medium 
The frequency (Hz) | The wavelength (cm) 
| 100 | m 20 
— e — 
У] | 
[0] 150 | ~ 30 ) 
= 


@ If the radius of a tube that carries a steadily flowing liquid decreases to its half, then 


the mass flow rate 7 . 


Ө, remains constant 
©) doubles @ quadruples 


Б 


5 decreases to its quarter 


ө A student uses іп the double-slit experiment laser rays of wavelength 6328 Å. If the 
distance between the double slit and the observation screen is 85 cm and the distance 


between the centers of the central fringe and the fourth bright fringe is 1.8 mm, then 


the distance between the two slits is 


| Dass mm (508 mm ©1mm @12mm 
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o The opposite figure shows a light ray that falls at an angle ф, 


9 H " " ГВ) oa 
on one of the faces of a triangular prism in the minimum "un 
вама - ~. V 
deviation position. фу —[ 


If the refractive index of the prism’s material is 1.366, then / 
the angle of emergence and the minimum deviation angle 


PB od cuia uidi e IeSpectively. 


(8) во“, 45° (5) 60°, 60° (c) 75°, 45° 75", 60° 


| © If the speed of light in the two media X and Y are 2.4 x 108 m/s and 1.8 x 108 m/s 
respectively, then the critical angle between the two media is 7 G 

(3) 48.59° in medium X 

Ө, 48.59° in medium Y 

(с) 53.13° in medium X 


(d) 53.13° in medium Y 
3 


@ А thin prism deviates light rays with an angle of 3.6°. If the apex angle of the prism is 5°, 


so the refractive index of its material equals ++--++- . 


| OF (6) L5 (Qum 239 


© The interference of light becomes less noticeable in Young's experiment when «7 
(а) using light of very high intensity 

(b) the distance between the two slits decreases 

(c) the distance between the two slits increases 


(d) the wavelength of the used light increases 
a 


(& If a light ray falls normal to one of the right angle faces of an isosceles triangular prism 
| of refractive тдех/ 2, then the light ray that falls on the opposite side to the right angle 


will + 
(а) emerge tangent to this face (b) emerge by angle of emergence of 60° 
© totally reflect (4) emerge by angle of emergence of 70° 
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(8) The opposite figure represents the relation between the d(cm) 
displacement (d) for one of the particles of a certain 
medium through which a wave is moving and the time (t) 4 


then the wave speed is не 3 


(а) 0.2 cm/s (5) 0.4 cm/s t) 
(c) 6 ems (d) вст 22cm À9 

(B The opposite figure represents a light ray that transfers 
from medium (А) to medium (8), so the ratio between n Medium @) 


the speed of light in medium СУ and the speed of light Medium (B) 


in medium jS eem 


Ө, greater than 1 (5 less than 1 
(c) equal to 1 @ we can’t determine the answer without knowing the values of à, Ө 


M 


(16) In the simple pen 
the motion of the pendulum? 


dulum, which of the following physical quantities doesn't change during 


(9 Displacement Velocity 
© Potential energy 92 Mechanical energy 
M 
@ The angle of deviation in the thin prism depends on all of the following 
except — 


(5 the first angle of incidence 


(а) the apex angle of the prism 
(d) the type of the prism's material 


©) the wavelength of the falling light 


M 
© When the periodic time of a wave moving in a medium increases, m А 
@ the wavelength increases (b) the wavelength decreases 
© the speed increases @ the speed decreases 


® A large tube of diameter 30 cm is branched into a number of narrow tubes each of radius 
| ter passing in the wide tube equals the speed of the water 


30 mm. If the speed of the wa 
then the number of the narrow tubes equals +--+ 


in the narrow tube, "T 
(6) 50 Os @ 100 


(a) 25 


· 
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(e The opposite figure represents a hill that 
separates between a TV transmission station 
and a house. Although the hill acts as a shield 
for the station but the house receives the TV 
station perfectly, so what happened to the TV 
waves at the hill? 

@) Refraction (5 Diffraction 

©) Interference © Reflection 


@ When a light ray falls on one of the faces of an equilateral triangular prism in the position 
of minimum deviation, the second angle of incidence equals о 


(2)30* (b)45* (2) 60* (2) 90° 
S 


Answer the following questions (22:27) 


© A light ray falls on an optical fiber cable that is made of a flexible material of refractive 
index 1.65. Calculate the least angle of incidence of the light ray that falls on the internal 


surface of the cable to undergo total internal reflection. 


(e A light ray falls on an optical fiber cable that is made of a flexible material of refractive 
index 1.65. Calculate the least angle of incidence of the light ray that falls on the internal 
surface of the cable to undergo total internal reflection. 
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at is the ü РВИ " : 
у te advice that you can give to the drivers to save fuel on 


Ө Asimple pendulum is displaced from its original position, 
then it is left to swing with a simple harmonic motion, 
at which position, the speed of the pendulum’s bob becomes 


maximum? 


(26] From the opposite figure. calculate 
the value of angles Q, and 0. 


(Knowing that: sin (90 — Ө) = cos 0) 


Q7] The opposite figure shows the path of a light ray that falls 


on one of the faces of a tri 
of the prism's material. 


angular prism, calculate: 


(a) The refractive index 


(b) The angle of deviation of the light ray. 
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* First : Answers of the Book Questions. 
* Second : Answers of Test Yourself Questions: 


* Third : Answers of General Exams. 


First | Answers of the Book Questions 


i 
= 
€ —————— 


í Answers of Unit One ) 


| Chapter 1) Lesson One J 


GE Multiple choice questions 
© ®© а periodic motion 


© © an oscillatory motion 
Өф у-у x 
© © double the distance BC 


+: The distance covered in a complete oscillation = 
4 x The distance of the amplitude 


-. The distance covered in a complete oscillation 
is four times the distance AB or AC and double 
the distance BC 


^. The correct choice is (b). 
eo 0601 
@® 001 


О © at the maximum displacement away from 
the equilibrium position 


(D 9125 Hz,08s 


01 
Ф 620 nz 


Фо 


@0 @0.5 Hz 
When the bob of the pendulum moves from point 
i " n 
X to point Y, it makes half a complete. Oscillation, 


ъ= №= 05205 н; 


Т = 4 x Time of amplitude 
=4х0.01=0.045 


OAs 
Т=4х 0.01 =0.04 
(ii) @3 cm 
A=05x6=3cm 
(111) © 300 cm/s 


Ha ous " 
t 0.04 = 300 cm/s 


2 


DO 
6) (i) © point + X 
(ii) @ point- X 
(iii) ® point O 
68) @ half the periodic time 
® (0 © 10 ст 
(1) ()4s 
@) @ At the beginning of observing the motion 


pendulum bob, its displacement from Ро" e 
| increases 


y of the 


at x8 


equal to zero, then the displacentem 
nt y till reaching • 


when it moves towards poin hen 


then decre2 н 
nti it reaches 


maximum value at pointy, 
it returns from point y to point X uf 


: reaches 
zero when the bob of the pendulum 575 ment 
of the displace" 


point x again, then the value i 
tion unti 


increases but in the opposite direc 


i int Z« 
reaches a maximum value at point 


^. The correct choice is &). 


(2210) 
Фоо 
Gi) © 60 
(iii) (b) 30 
e (@ constant at all points 
(à 2 ст 
The maximum displacement for the bob of 
the pendulum from position x represents 
double the amplitude. 
VAT d.22.2cm 
US UG 
(ii) © 0.5 Hz 
The time taken by the pendulum from position 
x until it returns back to position x again = The 


periodic time 


@® (D z, 0.5 m/s towards the right 

€» «t 
When the bob of the pendulum moves away 
from its equilibrium position, its velocity 
decreases gradually, hence the time taken to 
move from position x to position y (t,) is less 
than the time taken to move from position y to 


position z (t,). 


Феу 

Ф 0615 
The bob has a maximum displacement in 
the negative direction for the first time when it 
makes half a complete oscillation that is after 
the half of a periodic time passes. 


-—-3-1 
= 1 = 3 =15 
(ii) (3) 0.5 s 


The bob has a maximum speed for the first 
time when it passes by point o after a quarter 
of a complete oscillation that is after the 
quarter of a periodic time passes. 


T.2.05; 
4 4705s 


GG its equilibrium position 
Q O point o 


Answers of Chapter Ky] 


@Oytoz 
Po 


At the maximum displacement made by the 
pendulum bob from its equilibrium position, the 
velocity of the body is equal to zero and also 

its kinetic energy and when it moves from this 
position to its equilibrium position, its velocity 
increases and also its kinetic energy until it reaches 
to its maximum value at the equilibrium position 
then it decreases again until it reaches zero at the 
maximum displacement. 


@@1>2>3 


When a body moves with a greater displacement, 
it stores a greater potential energy, this energy 

is converted into kinetic energy during the body 
motion and therefore the body that has the greater 
displacement has the greater kinetic energy. 


Л The correct choice is (a). 


[Secondi Essay questions 


[1] The periodic time decreases to one third of its initial 
value because frequency is inversely proportional to 
periodic time according to the relation (T — D. 


Ө Answer by yourself. 
Av 

e Slope = tan 8 = ——7 

7 AG) 

== 

z^ tan8-1 5 9 = 45° 
[4] (a) The string reaches the maximum speed 
at point b. 


(b) The string has the maximum potential energy 

at points a and c. 

t 

Ql 

e * The amplitude increases by increasing the 
displacement of the body from its equilibrium 
position (d, > d). 

* By increasing the vertical height of the pendulum 
bob from its equilibrium position, the maximum 
potential and kinetic energies increase and 
therefore the mechanical energy of the pendulum 


increases. 


— 


Lesson One 


-.- S] 


UNIT 
| 


@ at :1=0,45,88 (b) at: t=25,6s 


(са :1=15,35,55,75 


(Answers of New Types of questions 


Gm Choose two correct answers 


о @ The elastic potential energy of the load. 
(5) The displacement of the load away from its 
equilibrium position. 
а @ The amplitude gets doubled. 
© The speed of the body at its original position 
becomes greater. 


Put in front of each of the following 
sentences the suitable number of 
the curve shown in the graph 


ө? Q0 ө? 


Chapter, T] Lesson Two J 
(2159 Multiple choice questions 


Ө © energy 

ӨФоо 
The waves propagate on water surface as concentric 
circles whose center is the wave source. 


~. The correct choice is @. 
[5] (2) all directions with the same speed 
© © Up and down. 


Ө ЈОЈ: ӨФьа 


Ө (i) @2em 

© @45н, 
N=10-1=9 

N 


(ii) (b) 125 Hz 


DLE 


2 us " 
í 2 745 Ни 


@® © 12,18 
Q 


* From the figure, the wave that has the largest 
amplitude is wave Q 


"- 
shay 


At constant x: 
1 

Shey 

D Ng >N, 

5 re <A, 

vyzÀo 


+ The two waves have the same speed. 


^. The correct choice is (d). 


[12] (i) © с decreases to its half 

"7 The frequency is doubled. 

M T: 

a sd D 

-. The wavelength decreases to its half. 

-. c and b decrease to their half. 

-. The correct choice is (C). 

Gi) @ e increases to the double 

When the amplitude of the wave is doubled, 
the maximum displacement of the medium 


particles from the equilibrium position 
increases. 


~“. € and a increase to the double. 
7. The correct choice is (à. 
Фот 
Ou-a 


Amd 


“xX =(n-1)A 
[5] (€) 40 ст 
@ © Horn speaker 


[18] (D A region of low density which is called 
rarefaction, 


(D (05m 
e PQ 

owi 
(24) © 20 ст 


[16] @ Downward, 


[20] (b) 

e QD halved 

(о + 

(2510) longitudinal waves 


(26) @ transverse wave of wavelength y 
@ They require а medium in order to propagate. 
@ could be transverse or longitudinal of amplitude 
2cm 


@© 10 Hz 
From the graphs, we can see that the wave has 


moved a quarter of a wavelength through 0.025 s. 
0.25 = 10 Hz 
025 


@ (5) Their speed in a medium equals the product of 
their frequency and wavelength. 


@© (3210) remains constant 
@®© 100 Hz 
v Ен = 100 Hz 
@ (i) 50 ms 
v=Av=0.5 x 100 = 50 m/s 
Gi) 017 т 
А У = 50. -0.17m 
о 300 
BOI ms 
@ @ its wavelength increases to the double 
6) (0 64 n/s 
®® 10 cm 
* From the graph: 
=X. 0 
= N= 205 = 40 ст 


Ы When а particle of the medium moves 4 cm from 
its equilibrium position, it makes a quarter wave. 


а À 
му хан = 40 = 10 ст 


Q 09cm 


We can calculate th 
by two methods; 


~The first method: 


е speed of wave propagation 


Y7À0220x102 x25 =0.5 m/s 


Е 


Answers of Chapter [1| 


- The second method: 


2 
yo % 35x10 


Do L 07 
Ф © 333 m/s 


у = Slope = 


Lesson Two 


=0.5 m/s 


Ao _ 250-0 

1) 0375-0 
^(1) 
(Gv, » v, © © speed @MO2rA 
© ©0017 m, 17m 


== 4 = 0017 m 
0 


А, = 
shortest" Dua 2х1 


= 333 m/s 


= 340. = 17 1 


3 
v=Av=04x 10=4 m/s 


x=AN=0.1 x3=0.3m 


oo% 
© © 1200 waves 


v= 5 = 30 = 30 He 


& o 


+: The propagating wave is the same wave. 

-. The frequency of the wave is constant. 

у= А лме А 

=. The wave which has the longest wavelength is 
the wave with the highest speed. 

2. The correct choice is (2). 


9 
907 
„ае, 
Sore | 
Apt 459 
à 204 4 | 
+ The frequency of the wave is constant. 
у= л PELIS 
а 8 
Yy ^ 4 


m 


| = 
= = 
> = 


@QWooem 
Ф (олт 
N=7-2=5 
=X „ 20 54 
he N'S m 
(ii) 4 160 m/s 
N=5-1=4 
у= № 4 -401z 


у= А0 =4х 40 = 
@ à) @0.04m 


= 
Mx 50 = 0.04 т 


(Gi) ® s Hz 
aN = 50 = 
ея cm 

(ii) © 0.4 m/s 
V=Av=0.04 x 10 204 m/s 


GG 11m 


y= X 2099 x 10 


t 3. 


160 m/s 


10 Hz 


= 330 m/s 


N=6-1=5 


V=Av=1.6 х 200 = 320 m/s 


@ 5) The frequency v, remains constant and 
the wavelength becomes 2 La 


3 
* When a wave travelled from medium to 
another, its frequency remains constant. 
у= № 
PE 
joe Mi 
у; ^ 
Y 
oy ^ 
2 
%= 3^5 
^. The correct choice js (b). 
@0®1 


~. They have the same speed. 
N: 


5e Thei two waves propagate in the same medium, 


961 


When the wave travelled from me 
its wavelength and speed change 
frequency remains constant, 


dium to a another, 
while its 


@ 9) 512 Hz 
@@45~x 108m 
x=vi=3x 10x 
@©25ms 

*- The time of i wavez2s 
AT-4x2 =85 


le 2 
=т= 0.125 Hz 


"NON 
v 2Àvz20x0.125 22.5 ns 


694 


905. 


45 х 10 m 


МЕИ: — on Gumi 
ix 4 


The tuning forks vibrate in air. 

“VEY, 
v à 25A, 
850 x 0.4 = 170 Х 
AX 22 

(B 005m 
озл=% 
У= 0А 
32=16x4A 
2 А =0.05 m 


[66] © 340 m/s 


adheda 


6803, 2 425A, + 1275 


M =0.5m 
v= = 0.5 x 680 = 340 m/s 


E 


~ d = 2648.42 m = 2.65 km 
@ @320 m/s 
d 
oes 


Y t 
E NA ENT MENS 
tna hig 7 2 = 9 (4 1) 


1 1 

1874998 = 6 x 103 x (+ - = 3) 
^ v= 320 m/s 

99 
When a wave travels from medium to another, its 
frequency remains constant and also its periodic 
time (2 s) and according to the relation (v = А0), 
when its speed increases to double, its wavelength 
increases to double. 


2. The correct choice is ©). 


@ (922.5 m/s 

^^ The wavelength is the distance between the 
centers of two successive compressions or 
rarefactions. 

2. The distance between the centers of 
a compression and a successive rarefaction 
= Half the wavelength 

2=2х0.15=03 т 


o Longitudinal wave, 
(b) The direction of particles’ vibrations is along 


о her line of Wave propagation. 
ын light is electromagnetic waves and 
ae = mechanical waves and the speed of 
tromagnetic waves is far much higher 
the speed of mechanical waves. 


- - Answers of Chapter [1| 


[3] We can hear the sound of the alarm clock in jar (1) 
and we cannot hear the alarm in jar (2) because 
sound is a mechanical wave which needs a medium 
(like air) to propagate through it and it doesn't 
propagate through vacuum. 

o (1) Because clectromagnetic waves consist of two 
perpendicular fields, electrical and magnetic. 
and neither of them needs a mediurn to 
propagate through it. 

(2) Because light is an electromagnetic wave 
which can travel in empty space and sound is 
a mechanical wave that doesn't travel in space. 

(3) Because sound is a mechanical wave which 
needs a medium through which it can travel 
and the Moon doesn't have an atmosphere, so 
they use electromagnetic wireless devices to 
communicate. 

e (a) Doesn't change. 
(c) Increases. 

(e) Doesn't change. 

[6] (a) They travel at thc same speed because sound 
travels at constant speed in air. 

(b) The frequency of the girl's sound is higher 
than that of the man's sound because the 
wavelength of the girl's sound is smaller than 
that of the man's sound (V œ P 


(b) Decreases. 
(d) Decreases. 


@ 0322-1 
(b) 1=2>3 
e (a) Mechanical transverse wave. 
= Дада 
(ъ= т= 4 0.25 Hz 
(c) ат) 


Lesson Two 


ON 


" Ф ‘The wavelength will be dec; 


Teased by 
а 4 733334, 
me v= T= а 
03 ® Wavelength would increase by 205, 
к 30 i 
D (B»-—-osu, 
i 60 
60 
ded 730^ 2s 
E [16] Since sound Propagates in air as longitudinal 
M waves, the molecules of air inside the tube 
ad move back and forth along the direction Of Wave 
propagation forming regions of consecutive 
(Answers of New Types of questions | compressions and rarefactions along the length 
inside the tube, this type of wave motion can be 
Choose two correct answers explained with considering the vibrational motion 
[1] (b Its frequency is 37.5 Hz and its speed of of prong of the fork and how this motion affects 
propagation is 4.5 m/s. the adjacent air molecules of the prong, 
Padi ag) i p 
(©) Its periodic time is 2-5 and its wavelength t. 25x10 y 
75 =4==——== = 16.667 x 10 
is 12 em. Orns : ` 
Ө © The double of distance S represents 
the wavelength. 
© Distance P represents the double of the wave 
amplitude. 


2x 540 x 107 _ 
Put in front of each of the following v= "95 x 10? = 432 mis 
sentences the suitable number of 


the wave that represents it 


(1) Wave Q) (2) Wave 0) 
(3) Wave Q (4) Wave Q 


l Answers of Test on Chapter В 


First | Choose the correct answer 


Q 93,125 Q 9 120 nz 
[5 GET © © 1386 mis 
60 OOT, >T, 
@© 20cm Q 505m 
091 Фол ms 


ESTE] Answer the following questions 


[1] The pendulum starts with maximum potential 
energy and zero kinetic energy, 
energy decreases and its kinetic 
until it reaches the equilibrium position where 
its potential energy becomes zero and its kinetic 
energy becomes maximum value. 


NEUE 


then its potential 
energy increases 


pe Answers of Chapter я 


бае 
[chapter / 2 ] Lesson Опе | Qoo 
GE мерне choice questions 


Lesson One 


QU Z«M €» oo 407 
Qv Qoo 
e eus - Applying the laws of reflection : 
When a light ray falls perpendicular to the surface of "u^ A9 | 
a planc mirror, it gets reflected on itself i.e., the ray ü-b , ¢=d q 
changes its path by an angle of 180°. - By alternate angles theorem: 
Qo беђ , =å 3 
@ @ The ray is reflected parallel to mirror C. From @and (2): 
Applying the laws of light reflection and according д=а=е 
to the geometry of the figure: ~. The triangle is isosceles. 
-. 0 = 60° 


Oc 


Applying the laws of light reflection : 


2. The correct choice is (d). 
Q6 

Applying the laws of light 

reflection and according to 

the geometry of the figure: 


2. The correct choice is ©. 


(5) © source B 
Ray KX represents the reflected ray, then bv 


applying the laws of light reflection : 
"LT Jd LIII 


2. The correct choice is (©). 
Q $4» 
^ The mirror moved in clockwise direction. 
^. The normal to the mirror surface moved 
Closer to the incident ray with 18°. 


| 

| 

^ 9,2 60—18 = 42° а 

EA J =, = 42° | 
OHO. (ii) d) 0» | 


Applying the laws of light reflection and 
according to the geometry of the figure : 


Mirror 
с) 


oo 


E 
= - 
——ÁÀ u 


(i) @ 50° 
(i) © 1.94 m 
* In triangle abe : 
- Side ac (that is adjacent to the angle of 50?) 


equals 1.25 m. 
- Side ab (the hypotenuse) represents the 
distance covered by the ray from the point of its 
reflection from mirror (1) till getting incident 
on mirror (2). 
Adjacent 


M IN 

Hypotenuse ab 
s ab = 1.94 т 

(B @ the speed of light 

(© © The direction of propagation 

[17] (2) constant for the two media 

Ф angle 2, angle 4 

(D © remains constant 

фо 

до 

® (6) less than 60° 

® @ 38°, 52.88° 

@ @30° 

Bow 

850122 

& 9145 


+: The light ray travels from an optically rarer 


1.25 
> cos 50 = ===> 
cos 50 3b 


medium to an optically denser medium. 
-. The light ray gets refracted towards the normal. 
_ sind ^^ sins? 
sin Ө па (52 – 10) 5 
G $11 
D 8) 2429 
$290-50240^ , n2" $e 
j sin@ v 
sind) — зх“ 
Аг c 7 97427 
$6915 
Asing 
Slope =05-0 
Ре 10—040 = 15 
* 127 sin6 ^. qn, = Slope = 1.5 
Gi) @ 1.33 x 10° m/s 
ж. 
ГЫ ~ “12x 10° 
My s eu. = 1.33 x 10° m/s 


Фе». 
€D (d) 1667 A 
Ф 225 x 10° mis 
А 
с 


а 3 10" 700 


n-l-p o, - 
water id 526 


v 2225 x 10" m/s 
Фот 
[35] © decreases, toward the normal line 
& @ 37° 
@ © 33.69° 
®O angle B 
@O@15 
@ © 47.73°, 33.81° 


- From the geometry of the figure : 
[A = 30? (alternate angles) 


- When the ray travels from air to oil : 


sin $, sin ф 
" 48 = , ф=4773° 
а gne, ^ 148 = a9 ' O47 
- When the ray travels from oil to water : 
13351030  g2338I 
148 sind" 


T aer Sin 30 


па — sin8 


6 9259* 
@ 0 ©41.68° 


sin ф 

D ater = зп 0 
(ii) (b) 41.689 

The light ray falls normally on th: 

the mirror, so it gets reflected on i 

the separating surface with an angle th 


in b= i 3 sin 30 
D ater SÎN Q = n; sin 0 , 1338 


,0 2 41.68* 

Ф ©s0°, 30° 

* In a cuboid, the angle of incidence o 

in air always equal to its angle of eme 

air from the face that is parallel to th 
incidence. 

^. The angle of incidence in air = 


e plane of 

tself and falls 00 
at equals 30 • 
= sin 


[a light r9 
rgence (9 


50* 


92-30 


J 


From the geometry of the figure : 


u-8 , Bab , nem plv 
QOn «n, у> v, 
до 
Ф9231" 


DOn, n, only 


~e = 6, (alternate angles) 


QOL m 
sin 8, m 
n. 


DE 2 
i sin Ө, = — sin Ө, 


SoG wi бо ae 
2 "ny 52 =F sin $, 
„ап. 
d When the Tay travels to n, and n: 
n, 
Sing, =L 
weg [» sin $, 
D 
E EN n 
Sing =~ 
4 hh 
Si 
" ng, 
. _ sing depends only on n and n 
Gg, 
sing v 
—L.* 
Sing 7 — 
8 Yo H Ф, > 6, 
%> sing xS. 
S Ng, 


x ф, > 0, vy V, 
ve 0, v4 V. 
У ф> 6, УМ, 


7. The speed of light will be 


larger in mediurn | 
than the other media, 


0137 
tan = 2 
0 = 36.87° 
, Sine 
~ sin 
__sin 55 
~ sin 36.87 
= 137 
(i) © 2.28 x 105 s 
è 
ne , 137-310 
v v 
Y 22.19 x 10° m/s 
М 3 
ит » AB=5m 
eZ 5 ;7228 x 1075 
Y Y “2.19 x 10 


Фа > > 


- At the boundary surface between the two media 
(1) and (2) : 


77 The light ray gets refracted away from 
the normal. 


“ n >n, 


- At the boundary surface between the two media 
(2) and (3) : 


77 The light ray gets refracted away from the normal. 
"nmn , son >n, >n 

до 

@W)©n,> n»n, 

(ii) (b) Vo «Y, «v, 

G5 (9 30.349 


When the light ray passes from medium (a) to 


medium (b) : 
de Ar зе а 
Ө. МФ Б 
у sin да : = 
gs 95 = 30.34° 


Lesson One 


га 


= ate angles) 
ve. Фе (alternate ang 


UNIT 


лоф = 3034 


@ (b 1.58 


8, = 90-23 = 67° 


ny 


NE $57n, sin 9, 
sin СА 
Па = Sin 6. 


_ __sin 67 
Т sin 35.54 


о 

& 98.87 x 1035 
@ © won't change 
@©271m 


=158 


(=271m 


The length of the dark part at the bottom of 
the swimming pool = 2.71 m 

@® 2209 
= When the swimmer is in air: 


_ sing 
‘cornea “T sin rd 


{ ~. 0 = 20.92° 


14 = Sin 30 
“sin @ 


= When the swimmer is in water : 


14 _ sing 
133 sin2092 =“ @= 22.088 
[53] 6) descending gradually 


(Second essay questions 


o Yes, when the angle of incidence incr 
deflects toward the direction of (2) to 
angle of reflection because; The ang] 
= The angle of reflection 

e The angle of refraction = zero, because 
falling perpendicularly on the boundary 
it will not suffer any refraction, 


Qo (b) 


eases, the ray 
Increase the 
е of incidence 


the ray is 


Surface, so 


1 
! 
ny ! 
D 
m | 2 
' 
i 


ө (1) Because when the outside is dark, the amount of 
light passing from outside to inside is very small 
so the person can see his image as a result of the 
reflection of the small amount of light reflected 
by the glass of the room’s window and when 
there is light outside, the amount of light passing 
from outside to inside is larger than the amount 
of the reflected light, so it is difficult for the 
person to see his image by reflection. 

(2) Because the absolute refractive index is 
the ratio between the speed of light in space and 
the speed of light in the medium (n =$), where 
the speed of light in space (c) is always greater 
than its speed in any other medium, so the ratio 
is always greater than 1, on the other hand the 


Y 
relative refractive index is given by (n, = 3 
and if the speed of light in the first medium б) 
is less than in the second medium (у), the ratio 
between them will be less than one and if 
(v, > vj) the ratio will be greater than ene. 
(B) When a wave moves between two media, its 
frequency remains constant. 
got Mp AW mE 
"mov "UY 
7. Its speed decreases. 
vYyzÀo Any 
=. Its wavelength decreases. . 
@ ~ Angle of incidence = Angle of reflection 


И " incidence. 
7. When increasing the angle of pus 

the angle of reflection (a) increases: 

це sina . 
"aT snb yo medit 
А seen tWO 

7 The relative refractive index betwee 
s a constant value, T 
7. When increasing the angle ni ES 

angle of refraction (b) increases- 


incidence the 


D» 


Yes. because the refractive index of glass changes 
by changing of the wavelength of the falling ray 
and hence the angle of refraction of blue light will 
be different than that of red light, 


fi 
| 


(alternate angles) 


© No, the glass plate changes 
the paths of the two rays and 
displaces their points of incidence 
away from each other as shown in 
the opposite figure. 


6, =90° — 30° = 60° 


sin СА 
0 = — 
sin 0; 
B= sm 60 
sin Ө; 
Ө, =30° 
“05 %, = 30° (alternate angles) 
^ $20; = 30° 
76,20; =30° (alternate angles) 
i sin Ө, 
77509 
sin Ө, 
aun 
Үз — sin 30 
9, = 60“ 
П 
j* 
E 2 
t usi," ego 346 em 
Ф + The thickness of the cuboid = 3.46 ст 
Ф ыд (210) 


- REP Answers of Chapter B 


[12] In the empty cup, you won't be able to see the 
bottom of the cup, so you will not see the coin 
(Figure 2), but in the case of the cup containing 
water, when a light ray moves from the water 
(the optically denser medium) to the air (the 
optically rarer medium), the ray gets refracted 
away from the normal so that the image of the coin 
scems at the extension of the light ray that reaches 
the observer (Figure 1). 


Lesson Two 


NR NA 
5 
Water 
C 623—/— Coin 
Figure (1) Figure (2) 


Answers of New Types of questions 


(5181 choose two correct answers 


@ © be reflected from mirror (А) with an angle of 
reflection 30° 
© not be incident on mirror (B) 


4 n 
Ө @ its speed becomes mY 
2 


Р n, 
© its wavelength becomes = Ln 
2 


Put in front of each of the following 
sentences the suitable number of 
the phenomenon that represents it 


(10) (210 G0 
(ХӨ) 60 (OXO) 


CHE ese Two J 
| First:| Multiple choice questions 


e © the superposition of waves 


Ө @ phase 
[3] @ the distance between the double-slit barrier and 
the light source 


Ө the distance between the double-slit and 
the observation screen increases 


до 

Q 

© D doesn't change 
Ө 6 5000 А 


Ото Фетх 
МАУ _ (7-0) x 104 =10' To find the distance between | i 
Slope = ——— Sm = wo Successiye 
М АА (100-0) x 10 fringes of the same (уре : 
| sAy- Ax ду = A (Total distance) х 
| R OR I á N (Number of fringes) 5 
| dA Sep 108 m To find the distance between the second minima 
and the central maxima (x): 
QD 5.63 x 10" Hz X, 
Лу = = 96 -0.2mm Sa 
“ N 3 xo 
] E 3 Eo 29 
л = SAY 106х102 x02 x 10 =533х107 т 5=15 ILI 
R 60 x 1072 
M (D (B less than one 
€ х 10° 14 
о 565.63 х 10" Hz di — 54 
À 533х107 "Aye 
xe. ES _ 
(B Ay = 1077, Фо (Ау). =, (Ay, == 
@5x107m _ day 
а пре ces xin a 
А00 1000-400 ROUX (2), 23A 
dây _ Slope R, XA (x), Sh 
c UE m (3), 5^ 
R, 
| (D 508m XA Lene 
| Ay=% „96 0 b 
| == 02mm $93 
| dA, 3 3 =AR 
| R2SE 22x10" хох =08m Aye 
| Ы 500 х 10- 
| (Y, M _ 6000 4 
| (B (9 greater than one. yy X, 4007 2 
| d) 0.2 у 
| DAE rg 2,7 3 (ay), 
= уб 2 (Ay), 73 (Ay), 
v 
550 0275 “+ The third maxima (m = 3) for the violet light has 
400 (Ay), the same position of the second maxima (т=2) 
400 x 0.275 Of the red light. 
(Ay), SD -02 mm Doo Е 
(5j 4) 0.08 mm 
о ду= ВА DOn 
y ut ® © the second dark fringe 
1 И 
(hy), s @ © red light @Os @®р 
Ay @ © become thinner 
зу a У Ay= =4R Ауе . У бук“ A 
EN x 001 *. The xig of the used light decreases 
| ухо = 07 = 2 inside water than in air. 
i ^ Ду 2004 mm т AY) waer АУ) 
1 : . Я ter 
| ~. The distance between the 7^. In the same range on the screen a greal 
Central frin; r widths 
| the second maxima in the first case; Be and number of fringes get formed with lesse! 


x= AYN 2004 x 


2 =0.08 mm 


than what are formed in the case of air. 
“+ The correct choice is ©. 


eo^ 


@Ф® the direction of propagation 


Ф 10? т 

Ф Microwaves 

@® diffraction 

QO the short wavelengths of visible light 


во 

во Decreasing, Increasing 
(5610) the frequency 

@© Interference, Diffraction 


gm Essay questions 


Өтһ interference pattern will be more noticeable 
when the distance between the interference fringes 
increases as (Ay = ^) and there are three ways to 
increase the resolution of the interference pattern : 
(D Increasing the wavelength of the used 

monochromatic light where (Ay  )). 

@ By increasing the distance between the double- 
slit and the observation screen where (Лу < R), 
so as R increases Ay increases and the fringes 
appear more obviously. 

@ Decreasing the distance between the two slits 
where (Ду œ i ), so as d decreases Ay increases. 

(А: Constructive interference. 

B : Destructive interference. 

де) Increases. 

(b) Decreases. 

(c) Increases. 

(d) Increases, 


Ө (а) Light consists of waves which suffer 
interference, 
(b) Because it has one wavelength which make 
interference pattern appears. 
(с) By using a double-slit barrier in the path of 
the monochromatic light rays, 


Qm Because it is formed at equal distances from 
the two slits, where the path difference between 
the two waves (mi) =0 

(2) It may be because that the aperture size is 
- med than the wavelength of the incident light. 
ause both happen duc to the same 
phenomenon of wave superposition. 


Th à 
Qn. Phenomenon of the interference of light waves. 


== — Answers of Chapter я 


Lesson Three 


Virection |Vrequency| Waxeleneth| Speed | Darte ringes | Р бит 
[ i тип Spee inge | Prnt 
Reflection -= Constant] Constant | Constant Eos Constant 
Refraction | Changes|Constant| Changes |Changes|. „75 
formed 
Interference] Constant| Constant |Constant| Is formed | Constant | 
4 
[Ditteaction [anges] Constant] Constant [Constant f formed | Constant | 


| Answers of New Types of questions | 


GIZI choose two correct answers 


(1107 Decreasing distance R to 0.5 m. 


fc) Increasing distance d to 2 mm. 
ө? a light of frequency less than v 


(4 an aperture of size less than d 


Put in front of each of the following 


sentences the suitable number of 
the region that represents it 


DD (2) 2) (3) () 
(4) (3) 6) D (6) 2) 


chapters) 2 ] Lesson Three J 
[First | Multiple choice questions 


695) greater than the critical angle 
Gc ray (3) Ө material z to material у 
Өх [5 16) QS» 


@© the absolute refractive indices of the two media 


(310) 


OW s5 
_ sin _ sin 30° _ 
n= n0 ча22 1385 


" 1 М 1 
sinó - > sin 6, = 1355 


6,7 485* 
(b 149 Ф 45° 
Ф107 


Ф 53.13* inside the glass 

Фа (6), « (6), « (6), 
Total internal reflection could happen when the light 
ray is incident from an optically denser medium on its 


boundary with an optically rarer medium. 
17 


уснула er] (obey) Webs oul! 


E 
z 
E 


Б! 


лухту , 8 
on > n>, 
Ф), < Moy < (0), 

Go 


Gi) © 64.16° 


n 
i === = 
sind, = = 1209 


The critical angle from glass to water : 
70,764.16? 


70,2464 
(3) @ is greater than one 
@ © total internal reflection of light 
DO eo 
DOn, « п <n, 
[2616] п, <пу<п, 
7 At the interface between the two media x and y 


the ray is refracted away from the normal. 
nan 
У At the interface between ti 


he two media y and 2, 
the ray suffers a total internal reflection, 
^an 


+ Amen <n, 
18 


(2710) is higher in medium x 
(2810) n <n «n, 
7 Ray (1) suffers a total intern: 


al reflection in 
medium z. 
nan 


*- Ray (2) is refracted tangent to the bou 
surface between the two media x 
nnn 


ndary 
and z, 


77 The two rays (1) and (2) are incident with 
the same angle of incidence. 


> Oy < (9), " 

n n, 
sing = =- tek 
VHS. ti denser" rarer Penser we n, < n, 
"nano, n, «n «n, 

® (i) (9 20 cm a£ Rip a 
а bo = 
sin $. =F H 


L 


9, = 45° 
tan ġ, = 


20 
20 tan $. 


= 20 tan 45 = 20 ст 
(ii) @ increase 
If the depth of the lamp is increased, the radius 


of the disk that is needed to block its light has to 
be increased. 


@ © greater than 1 


, » P rssoline. 
Voas Gin 9) gasoline = Sin (62, = € 
Der 
7 ans Sin OD ater = sin ($), = га 
. (Ф), nous 
Теш фа 
ба 
7 Meusotine > Pater 7%), 
@© 1225 


- When the ray falls on the outer 
surface of the glass slab : 
sin sin 45 
E E = Ф 
= When the ray falls on 
the inner surface of 
the glass slab : 


1 


cos 


^ sin (90 - 0) 


®© 


From equations (D and @: 


6,241815, 

76». 

^. The ray undergoes total internal reflection and it 
emerges as in the opposite figure : 

= The correct path of the ray is (c). 


© (0 © undergoes total internal reflection 
(ii) @ emerges tangent to that face 


@ © The intensity of ray bz increases. 
© Violet 
[20] ® yellow, orange and red 


Go It undergoes a total internal reflection by an 
angle of 58.97? 


(92.9 
© (6) be refracted away from the normal 
Q ex 
Q9: 
Dw 
= Before putting the water layer: 


o 
75 


а 1 
sin == 
4, n 
“. n, sin ф.= 1 


© 
= After putting the water layer: 


vn Sin ф = n, sin Ө, 


Substituting from equation (1): 


“n, sin 6,21 
Os h, (alternate angles) 
“n, sin $21 


7 T sin}, =n, sin ө, 


—-- Answers of Chapter я 


Lesson Three 


EGERIT] Essay questions 


[1] (1) Because the light ray may fall with an angle 
less than the critical angle. 

(2) Because the light ray may fall from water 
(optically denser medium) to air (optically rarer 
medium) with an angle greater than the critical 
angle, so it undergoes total internal reflection. 

(3) Because they reflect Jight multiple times inside 
them until it emerges from the other end due to the 
phenomenon of total internal reflection without a 
loss in the light energy so that they can be used to 
direct light into places that are hard to reach. 

(4) Because prisms reflect light totally with 
minimal loss and also mirror loses its 
efficiency with time. 

(5) Because light rays refract several times when 
they travel from cold air (in the upper layers) to 
hot air (in the lower layers) until a total internal 
reflection happens to the light and appears 
as if it is coming from a reflecting surface. 


[2] - The first ray : Travel without any deviation 
at an angle of refraction = 0° 


- The second ray : 


sino, = + === 
· ф 245* 
*- The ray falls at an angle of 30° which is less 
than ф, 


2. The ray refracts with an angle of refraction that 
can be found from the relation : 


Tie _ sin 
Duae sin Ө 
sin 0 =ү2 sin 30 


0 = 45° 


- The third ray : Refracts tangentially to the 
boundary sur 


equals the critical angle between the two media p,- 


becaus ngle of incidence 


- The fourth ray : Suffers total internal reflection 
with angle of reflection = 60° 


because its angle of incidence > ф, 


LS 


UNIT 


Qo Because light falls on the surfaces at these two 
regions by an angle greater than the critical 
angle between the two media. 

dnd eho 
(b) sin $. Bus 
ф. = 4875" 
y 026, (alternate angles) 
^ 0248.75? 

Qo Because the light ray falls normally on 

the boundary surface. 


(b) Because the light ray falls at angle greater than 
the critical angle as the refractive index of 


the outer layer is less than that of the inner layer. 


(c) Because the outer layer reflects the light that 
may escape from the inner layer, so the double 
layer fiber decreases the loss of light rays. 

Go Aluminum fluoride and magnesium fluoride. 

(b) The second prism because the used thin film 
decreases the loss during the entrance and 
emergence of light rays, so the efficiency of 
the prism increases. 


A Yellow 


“As nee Land sing, 21 ,50 sin Q, «A, 
hence the critical angle of red light is larger than 
that of yellow, so it refracts and emerges from the 
surface of the prism which is opposite to the right 
angle away from the normal, while the critical angle 
of blue light is Jess than that of yellow, so it suffers 
total internal reflection inside the prism and falls 
Perpendicular on the other side of the right angle. 


si zl ds 
Ст (025 =a o 


7. Ф.) = 48.59* 
^. The ray falls on 
the interface between 
the two layers with 
an angle less than p so it 
refracts into the upper layer. 


пә sind, 
Ty sin 9; 
15 _ sin35 
2 6. 
7. 0, = 49.89° 
a 9, =, (alternate angles) 
^. ф, = 49.89* 


sin $0, 7 75 
(62, = 41.81* 


2. The гау falls at an angle larger than the critical 
angle, so it reflects totally in the upper medium 
and doesn’t emerge to air. 


Q sing 1 


ned a sin ge À 
EASA SA 503502, Cp 
Ay; Ay ~ z i 
| Д ео. 
! (69s Фоу 


So, as the critical angle increases the 
range of angles of incidence increases and 
the light rays become able to refract at 
large distances from the light source and 
the radius of the light spot increases, so 
the area of red light > The area of yellow 
light > The area of blue light 


Ow At the interface between (2) and (3): 
п, sin [COS =n, sin 90 
n, sin (90 0) = n, sin 90 
14 cos 0 = 1.2 
20 =31° 


2 2 26.79? 

(b) At increasing the angle ф, the angle of 
refraction Ө increases and as (6, = 90 — 0), so 
when Ө increases Q, decreases until it gets less 
than the critical angle and the ray passes to 
medium 3 (where : ф, is the angle of incidence 
on the interface between the two media 2 and 3). 


[Answers of New Types of questions] 


(0289 Choose two correct answers 


[1] © the absolute refractive index of the material of 
prism @=21 
© the relative refractive index from material of 
prism (D) to that of prism (2) = 0.64 


00,0 
Put in front of each of the following 
sentences the suitable number of 
the figure that represents it 
w® (210 (210) 
(010) (210) 
Cia Lesson Four J 
Multiple choice que: 
@ @x=btc Ө OaArnzgle y 
до 000.0 
Ө 5052 


- Applying Snell’s law at the first refraction : 
sin >, =n sin 9, 


sing, = 0145 
~ 15 
9, = 28.13° 


- Applying Snell’s law 
at the second refraction : 
nsin $,=sin 9, 
sin ф, = sin 52 
% 15 
ф, = 31.69 


A= СА +, = 28.13 + 31.69 =59.82° 


Answers of Chapter [fj 


Q © 548° 


- Applying Snell's law at the first refraction : 


Lesson Four . 


sin ф 7nsin Ө, 


А _ sin 43 
sin 0, = m 
6, =27° 
A=0 +0, 


9, = 60 – 27 = 33° 
- Applying Snell’s law at the second refraction : 
sin Ө =n sin 6, = 1.5 x sin 33 
8 =54.8° 
Ө ©2838" 
A= 180 – (50 + 68) = 62° 
6, =90-30=60" , 6,=90 – 50 = 40° 


sin $, и 


=135 , ф,=90-68 = 22° 


, 5110, =n sin ġ, = 1.35 sin 22 
2. 0, = 30.38° 
a=, +0,-A 

= 60 + 30.38 – 62 =28.38° 


Ө (9 0, increases and ф, decreases. 


O©FA 
а =O, *0,-A 5, %/+6,=2А 
70,28, 1 2A>O >A 
The correct choice is ©. 

@ 915 @ 653. 

B) (ФАП the previous. 


(B) @ deviates from its path by an angle of 60° 


ф=6=0 
~~ A=0,+0, 
ф, = А = 60° 
ETE 
ф, = 45? 

2, >, 


2. The ray undergoes а total internal reflection and 


deviates from its path by an angle of 60° 


[8—— 


C 
= 
— = 


® (b) less than 45° 
(B (D less than angle Ө 
( © 32.449 
- Applying Snell’s law at the first refraction : 
Я s Я sin 60 
sin, =n sin 0, » sind, = 15" 
M80 7 3526? 


+: The apex angle of 
the prism is the angle 
between the two 
faces of the prism 
that refract light 
at its entrance and 
emergence from the 
prism. 
s. А = 50° 
A=0,+, 
50 = 35.26 + ф, 
= фр = 14.749 
* Comparing the second angle of incidence (ф,) 
with the critical angle of the prism material 
(0, 41.8*), we find that 6, < à. 
- Snell’s law is applied at the second refraction : 
sin Ө, =n sin ф, = 1.5 sin 14.74 
7, 6, = 2244? 
0=0ф,+0,-А 
= 60 + 2244 – 50 = 32.44° 
(9 à (45 
A-0, 8, 
$,2A-9, 230-0 = 30* 
* Comparing the second angle of incidence (,) 


with the critical angle of the prism material 
(ф, = 45°), we find that 6, <ф. 


| 2. Snell's Jaw is applied at the second refraction : 


sin 0, =nsin ф, 22 sin JU s 9, = 45° 
| (ii) @ 15° 

0,20, +0,-A=0 +45 – 30 = 15° 
Фф 


| ++ The ray fell perpendicularly, 


LET 


(DG 153 
A-2046, , 0,70 
, = 30° 
а=ф+6,-А . $,-0 
20 = 0, - 30 
2. 0, = 50° 


зіп Ө _ sin 50 _ | 53 


= sing, sin30— 


= sin 60 _ 
= зао 


@ © 42° 
A= 9, +o, 
72=30+ф, , 
+: The ray emerges tangent to the prism face. 
2. 0,5, =42° 


@ © 48.59° 


ф, = 42° 


7 ф = 60* 


$, = 4181" 


-> Angle of incidence (ф,) inside the prism = e 
ie. it is greater than the critical angle. 
ide the pris™ 


2. The light ray reflects totally ins 
а i an 
and falls on the other face of the pris by 


angle 30? which is less than the critical ani 
angle 9,- 


gle. 


so it emerges by an emergence 
Applying Snell's law : 
sin Ө, =n sin >, 

= 1.5 x sin 30 


7. 0, = 48.599 


s53 


@ @ The angle of emergence (0,). 
MO Point x 
0o 
6a 
90972 
+: The ray retraces its path. 


у, The ray is incident normal to face ab. 


$, 24-0, = 60 – 0 = 60° 
7 The ray emerges tangent to face AC. 


n, 
о феф 260 , маф s 


g 313 

sin 60 = 7 , nels EB 
Ф 03225 

A-0 +9, 

6020420 

~ 0 = 209 

7 The ray emerges tangentially. 

=.= 40° 


1 
кар 108 


ons 
sind, 
sin 
nz Sar 
sin 8, 


From Snell's law at the first refraction : 
sin =n sin 0, =n sin Ө = 1.56 sin 20 
^923225* 


Answers of Chapter B 
DO 


tanA z 27 


2.0, =42,29° 


+: The ray emerges tangentially. 


56, =O, = 42.29° 


wee === 0 


| пате, sin 4229 


(ii) D 59.08? 
NI 
sin 0, 


sino, 2 пм) = 1.49 sin ( 


6,2 3251* 
uc +0,-A 


= 32.51 + 90 – 63.43 = 59.08" 


| 6) d 3646 
sind, 
VOTO, 
о A=0 +0, 


7 AsO, decreases 8, decreases and ф, increases 


until ó, equals 9, 


Lesson Four 


e (D 48.169 ,0* Comparing the angle of incidence (h) with the 


critical angle of glass material (2) surrounded by 
air (b, =41.8°), we find that $,«0. 
- Snell's law is applied at the second refraction : 
sin Ө, =n, sin $,215xsin721 
0, =10.85° 


sing, 2n sin Ө, 


[7] (3) emerges from face Xy refracted away from 
sin ф = 149 x sin 30 


the normal 
6, =48.16° 63 (3) It should be increased. 
У ф>ф ® ® Decreasing the angle of incidence ф, 
~. The light ray is totally reflected then it emerges ns 24 Ф, 
erpendicularly from the prism with an angle =0° ain 
P 2. When decreasing Q; 6, decreases as n is constant. 
Ө bas vA=6, +0, 


sin ó, =n sin 8, 


sin 45 = 1.5 x sin 0, 


=. ф, increases till it becomes greater than the 
critical angle between the two media, hence 


sin, = sin 45° the light ray undergoes total internal reflection. 
17 А А B 
15 @ © lies outside the prism 
6, = 28.13° 


[41] @ emerge with an angle smaller than 90° 
1 


TE EN: 
sag, =-= is [Second| Essay questions 


7$ = 41.819 © a=6,+0,-A) 
The light ray falls on face be with angle 73.13? - The apex angle (A). 
which is greater than the critical angle (41,81), = The first angle of incidence (ф). 
So it is totally reflected and falls on face ac by an The refractive index of the prism (n) for 
angle of 28.13°. the used light. 
n sin ф, = sin Ө, Ө (a) Figure (4). 
sin 8, 
nz— 
sin Q, 
1.5 sin 28.13? = sin 9, 
8, =45° 
Ф 6) 1085" (b , c) Figure (3), 


= Applying Snell's Jaw for the light ray at the 
boundary surface between the two types of glass : 
n, sin $, =n, sin 9, 
iln 6,= 137 sin 45 
15 


(4) Figure (2), 
9, = 37,79" 
А= 9, +h, 

45 =37.79 + Ф, 
$,2721* 


e The refractive index of the prism : 
1 1 


In water : sin 0. = т 
$,2632* 
A=6,+6, 
4520-6, 

$,2 45° 

76,6, 

7. The ray emerges from the prism by an angle 0, : 
n, sin à, =n, sin Ө, 

149 x sin 45 = 1.33 x sin Ө, 

6, = 52.39° 


(Answers of New Types of questions 


(2181 Choose two correct answers 
@ 99, decreases 

(3) 0, increases 
[2] © the refractive index of ће liquid (n) 


313 
4 
© the angle of deviation of the ray equals 30° 


EE Using the figure to complete the blanks 


(1) increase (2) decrease (3) decrease 


equals 


(4) decrease (5) increase 


| First:| Multiple choice questions 


sin СА 
до: sin ó, 
Ө 004s 
ОЉА _ 30 + 60 
$, =O, === 395 =45° 
(ii) © 45° 
Ө, =, =45° 
Ө 0G 


Position (x) represents the minimum deviation 
position in the prism : 


a+A 
eee = 30+А =60° 
o5 . 45-70 , A =60 


Answers of Chapter A 


Gi) &2 
sing, то, 
P T in 9, = 
(iii) © 45° 
At position x : 


8, 20, 70, =45° 


Ө @30° , 45° 


Lesson Five 


sin 


+ Ф 76,745 
a@,=26,-A=(2 x 45) – 60 =30° 
Ө зо 
Q 020 
76,28, 


7. The prism is in the minimum deviation position. 


а, =2ф -A= (2 x 40) – 60 =20° 
o 1 


-. The prism is at minimum deviation position. 
in (5012 in (60+ 60. 
net) (989) 5 
a (а = 
sin 4) sin 5 

e ® Deviation increases, Deviation increases 
o (a) greater than one. 
[10] ® decreases 
@@ 


e © Red, Yellow, Blue 


® 0912 
(ii) © 45° 


C 


E 
= 
— (ЕР 


(LOL (8 Ф 50° 
| 
OOT 
[17] @ increase the angle of incidence (0,) 
Ф à so* 


In the triangle xkz : 


7 8, +ф, + 100 = 180 


ар 8, +, 
^ А + 100 = 180 
z^ А = 80° 
(ii) © 60° 
vácb „ф =, 
~. The prism is in the position of minimum deviation. 


£6. a e BU, ans 
о бр m4 ===50 =40 


$, 7 150, 1.5 x 40 = 60° 


(iii) © 1.35 
Sin, sin 60 
~ зид, me 
(B (9153 
о ФА 9+ 1.5 o, a 
ф,=—95— , 50= 7o z+ a= 40 
A= 15 0,=1.5 x 40 = 60° 
A_ 60 _ ano 
275-9 
Sin$, _ sin 50 _ 
aS sin 8, 75030 iis 
@ @ 60° , 60° 


- Triangle xyz is isosceles. 
P wé  180=420 ano 
a = 30 


7. The prism is in minimum 
deviation position. 

sin 9, sino 

sin 30 

~ А=260, =2 х 30 = 609 


п= 


sing, ' » $= 60° 


%=26,-A=(2 х 60) – 60 = 609 
D (i) & 30° 
7 The triangle is isosceles and the refracted ray 


inside the prism is parallel to the base. 


7 The prism is in minimum deviation position. 
28, =Ф, = 309 


[| 3 


(ii) @ 15° 
%,=2 0, -A= (2 х 30) – 45 = 15° 
(iii) © 1.31 
sin 6, 
aT СИ 
Io) 
® à) © 102° 
n 
- prism l5 — 
liquid prism = [m “а 115 
а +A. 
за (3) 
liquid" prism = m (5) 
5 2 
a + 60 
sin (— 
115= ( 2. ) , ot, = 10.2° 
sin (2) 
(ii) 5 35.1* 


AtA 102-60 
- === = 
fisie- ma 
® () will decrease 
[25] (b) greater, greater 
@ © encounters total internal reflection 


до» 
@o2 
DOr 
At:n=0 , a, =-A 
У —4=-А 
-. y-intercept represents – A 
“ А=4° 
@M@15 -— 
Slopee- ето 05 
о а=А(в–1) 
s па S241 = (slope) +1=05+1=15 
@ © 1.67 


+: The second prism cancels the deviation of 
the light ray caused by the first prism. 


^ (09, = (9), 

A, (n, - D =A, (0, - D 

8(1.5-1)6(n,- 1) 
@ 52.8" 

a= A (2 — 1)=10(48 


Паша 


Answers of Chapter FA 


Ф © less than œ 
Dor 
Otn 16414 _ 


hey ag a 


(а), =A (n,- D =8 015-1) =4 
во» Фо? 
69 (90018 
доо 56 
(9), =A(n, = 1) =8 x (1.5- 1) =4° 
(о), =A (n, - 1) =8 x (1.7 - 1)256* 


(i) (D 1.6 
(0), - (0), = 5.6 - 4 = 1.6° 


(iii) © 0.33 
QAUM 17415. 
We EE =16 
MTR 07415. 
Pa 17 16-1 “035 
2 
7" 1.56 + 1.48 
EU aiit * eat 
Pm. AMO) 2 = 1.52 
169163 _ 66 


ў @),_@),-@) 5 (),-! 


^^ ec! C Gc 


| (156-148)x(166-1) _ 22 
20152-1) x (169-163) 13 
@ © 1.625 
n E |) 7 (09, 
а д-р" ~ 1,5-1 


» 0,7 (00,7 0.024 


+: The angular dispersions of the two prisms are 
equal. 


nA, (my, E (a,,) ERA; (o P а) 
6.25 х0024=10(0,),-0),) 
_ 6.25 x 0.024 


(),-(n) = 0 715 
(n,), = (8), 
(o,),=—2_2 
$27 (ny -1 
04 = 0.015 = 
024 ren + (9, 21.625 


Lesson Five 


Essay questions 


[1] Light disperses into the spectrum colors. 
e (1) Because the angle of minimum deviation is 


defined from : 


а +A 
о 


sin ( 
sin (4) 

and A is constant for the same prism but 
the refractive index (n) changes by changing 
the wavelength of the used light, so the angle 
of minimum deviation changes with the 
wavelength. 

(2) Because the angle of deviation depends on 
the refractive index of the prism for the light color 
which is inversely proportional to the wavelength 
of the color and the wavelength of violet light is 
less than the wavelength of red light, hence the 
angle of deviation of violet light is larger than 
that of the red light. 

(3) Because the angle of deviation depends on 
the wavelength, so as each color has different 
wavelength, light emerges separated from the 
prism while the cuboid works as two inverted 
prisms where they cancel the effect of each other. 


si (2225) 


(n= 
e sin (4) 


- The apex angle of the prism (A). 


- The refractive index of the prism material of 
the used light (n). 
- The wavelength of the used light (A). 
(2) о, =A(a-1) 
- The apex angle of the prism (A). 
- The refractive index of the prism material (n) 
for the used light. 
3) (о), - (0), =A (n, -n)) 
- The apex angle of the prism (A). 


- The refractive indices for both blue and 
red light colors. 


ка (n, = 2S) 


ay-! 


- The refractive index of the prism. 


dm 


o (a) The angle of minimum deviation (at). 
(b) The apex angle of the prism (A). 
()-A 

Ө When the angle of 
incidence of the light 
ray increases, the angle 
of deviation decreases 

gradually till it reaches A us 

a definite value at point x x $i 
which is the minimum 

value of deviation angle, 

after that when the angle of incidence (0,) increases, 
the angle of deviation increases gradually again. 


[Answers of New Types of questions] 


GY choose two correct answers 


@ © the apex angle of the prism is 60° 


@ the angle of deviation of the ray equals 30° 
Ө @ the slope of the graph line e 
angle of the prism 


(the quotient of i equals the apex 
the prism. 


Put in front of each of the following sentences 
the light color that makes the magnitude of 
the physical Quantity greater 


0) Red light (2) Blue light 
(4) Blue light (5) Red light 


quals the apex 


angle of 


(3) Blue light 
(6) Blue light 


X9 


E Answers of Test on Chapter 


[ First | Choose the correct answer 


Q G increases by 20° 


@ @ab 
де Ө (9 400 nm 
: " + x 
Ө ц dispersion [6] © 
Q $242 x 108 mis Q O15 
О à» QD 6o 


Answer the following questions 
[11] Because the refractive 


medium is determined 


index for any transparent 
from the relation; n = + and 
Space (c) is always greater 
ther medium (v), so the 


e The wavelength of light in the 


Phenomenon of 
diffraction doesn’t change sinc, 


€ light remaing 
travelling in the same medium, 


® When light falls on the internal su, 
cube, light rays get refracted away 
and as getting away from the cente; 
the light source on the glass surfaci 
of refraction increases till it beco: 
after that the falling ra 


rface of the glass 
ftom the normal 
T Opposite 

е the angle 

mes 90°, then 


S undergo total internal 
reflection inside the cube leading to the formation 


of circular spots on the lateral screens 


around the 
cube. 


® The dispersive power doesn't change as it depends 
only on the refractive index of the prism material 
and not on the angle of incidence. 

[15] By increasing the Separating distance between 
the double-slit barrier and the observation screen 
with the same rate of which the wavelength of 
the light decreases. 

[16] Material B has to be used in the core andA in the 
external layer because total internal reflection is 
achieved only when the core has higher optical 
density than the external layer. 

@ The angle of deviation E 
will decrease until it 
reaches a minimum 
value (œ) then it will 
increase again as 
the opposite graph : 


Answers of Accumulative 


Test on Chapters 1 & 2 


Gig Choose the correct answer 


005 

(2) © i Hz 

[3] © Second bright fringe 
o @ Their pattern shifts 
Ө 0 1.5 x 10 ms 

[6] 6003 mm 

© 33m 


Answers of Accumulative Test on 


s E 
Qoo Danst , v$ =2 210 mis 
v n E 
Quay, =н 
Ow 38 - ! (b) The frequency је glass is the same as in air, 
, yao = 3210. 6, 10 Hz 
[Second | Answer the following questions ^ 5х107 
QD The speed of light (с) = 3 х 10° m/s @®a= 0,40 = 6,=30° 
The time taken by light to reach the first man t, : — sin >, 
8x10 5 w; 
t= =26х10"5 5 
1 ri 45 
3x10 = 3845 _ 
sin 30 2 
The time difference between the two watches : РА 
At=3s ФА ар“ (Gs) E 
(-24t-t- 2.99997s 
The distance between the second man and (9o Ay x102(m) 


the tower (d) = 360 x 2.99997 = 1079.99 m 

The watch of the first man is more accurate despite 

that the man is farther from the tower but the speed 

of light is very high compared to the speed of sound. 
(QQN-7-2-5, A2 20 =ат 

(&)N-5-1-4 , T2 =00255 , v=40 Hz 


А 
=== zs = 160 
(c) v T Хо =4 x 40 = 160 m/s m la 15 (10 m^) 


sinó sin45" — E -3 
л= <=" 6 = 133 ,b=11 (10? m) 
sin 6 = 2 45* 2- Slope = AR | 
1.33 = (30 – 10) x 107 
20 = 32.11° (2.5 - 0.) x 10* 
The angle with the surface = 90 — 32.11 = 57.89* 2125x107 
Th Је between the reflected and the refracted A 
e ang e y= Sore _ 25810 = 625 x 1078 
= 57.89 + 45 = 102.9° R = 


Chapters 1 & 2 


= 
= 
= = 


[ Answers of Unit Two e) 


Chapter. Lesson One J 


Multiple chi 
Ф equal to one 
Өх increases 
9 (a) mass 
© the liquid Speed at that point 
@O remains constant 


Qo the liquid speed 


e questions У, = 1 m/s 


А= 25х10 


(p #001 ms 10 nvs 
\ 


Ма 18 у 
а "prg 5 001 mis 
@ the liquid density 
\ 
Ооо МА Q, = А 0.01 = 10 ' y v= 10 m/s 
Qm = PAY QD ^ decreases to halt its value 
9, 10 d 
"РА У 1000 80.5 © : 
= 0.02 ws ois 
Ке ` © $ 
О (00942 m È 
А vet пао NET] 
Va = Avtar vt 4" UM у WES T 


АЛА x 107 Х 5 х 60 = 0.0042 m° | 


Gi) ©) 212.31 minutes 
М № 


ИМ епу, 
= 212.31 minutes NN 
EE 
[T0 «ағ 2 16 
AN, = AQy. 4x2=2y. Ө (0 (8) 0.004 ms 
Pate ә nad 
Av 20-0 
i: lope = = 
Os x 107 ms Slope 


i ie 3 
a(g 0-0) x 102 0.004 m?/s 
A 
Slope = Q, = 0.004 m/s 
(ii) © 7200 kg 


Q =4, Y, =4x 107 x228x107 m/s 


Gi) OO.8 kg/s 


О, = PQ, = 1000 x 8 x 10 = 0.8 kg/s 
WO 08 x то? kg 
Ф Роа са 


m=Q, At=pQ At 
= 1000 x 0.004 x 30 x 60 = 7200 kg 


€ (i) © 164 kgs 


Gi) 6) 31.43 minutes 


ol tank 


Y t 
(У 0), 


ol tank 


Q. Q 
22 2 
хоў x3 
> 1885.71 s = 31.43 minutes 
50 


i 


ol (QJ, = PA, ts 
i QDs Py. ti 
Through the same time interval: 
Qa 12х20.) 
О 1*9 


69$ 


m t 


=4 
1 


e 93 


@ Фр, «p, «P, @®Oosm 
@®©06m's @@ 16 mis 
@ O16 m/s @O 125 
® © 0.032 m/s 
2 2 
Ауу =nA,v, A div,2ndv, 
2 d 2 
& x 0.24 = 120 x (2) xv, 
v, = 0.032 m/s 
v 
Q0; 
A, V, =A, У +A, У, 


Y 
4AvV, 2 АУТА 


Y 
4Av,22Av = 
6 0 6) 0.5652 m/s 
Q, eA vA m TU Va 
=3.14 x (30 x 1073): x 2 = 0.5652 та /5 
(ii) © 4.5 m/s 
Q, А 
0.5652 = 3.14 x (20 x 107 хуу 
„му = 4.5 m/s 
Gii) ®7.5 m/s 
Q, = Ac Ye * ApYp + Ару 
0.5652 = 3.14 x 107" 
x (a5 x 3) + (10? x vp) Gh x 15)) 
vp 77.5 m/s 


—— Answers of Chapter [4| 


DO out of, 15 cm/s 
(0), = (0), + (QD, + We + QW 
264345442 18cm/s 
(Q), = (Q), 73 em'/s 
(Од = (О и 
~ Q)p =(0), - (0; 
=18–3=15 cm/s 


And its direction is out of branch D 


6) © 30 minutes 
Q,=Q), +(0), + (Q); 
Sou t à 
ПЕ 88 9 
tit 
Aul 
10 20 


7.0, = 30 minutes 


E Essay questions 


© (а) Less than one. 
(b) Equal to onc. 
(c) Equal to one. 
(d) Less than one. 


e (1) Because the density of streamlines indicates 
the flow speed of the liquid, so as the flow 
speed increases the streamlines density 
increases leading to more crowded streamlines. 

(2) Because liquids are incompressible, so the 
amount of liquid entering the tube at one of its 
ends equals the amount of liquid that gets out 
from the other end of the tube through the same 
time interval. 

(3) Because according to the continuity equation 
(Ау =A,V,), the liquid speed at any point 
inside the tube is inversely proportional to the 
xod fection area of the tube at that point 
(væ А> 

(4) Because when the nozzle of the hose is directed 
downwards, water moves in the direction of 
gravity, hence its flow speed increases, so the 
cross-sectional area of water column decreases 
based on the continuity equation and when the 


[a 


Lesson One 


UNIT 


hose nozzle is directed upwards, water moves 
against the direction of gravity, hence its flow 
speed decreases and the cross-sectional area 
of water column increases due to the constant 
flow rate (Q, = Av). 

(5) Because according to the continuity equation 
Cuv = Аму. the flow speed of a fluid is 
inversely proportional to the cross-sectional 
area of the tube, hence when the cross-sectional 
areas of the gas stove holes are small, the speed 
at which the gas rushes out from the openings 
becomes high. 

@ To increase the flow speed of water at the nozzle 
of the hose, so the rushing out water from the hose 
can reach far distances at high flow speed that is 
adequate for pushing the sand away where the 
flow speed of water is inversely proportional to 
the cross-sectional area based on the continuity 
equation. 


© (1) Small eddy currents get formed due to the 
transformation of steady flow into turbulent 
flow. 

(2) The flow speed of blood in the blood capillaries 
becomes less than its speed in the main artery 
based on the continuity equation (Ауу = ПА, Ү,), 
where the summation of the cross-sectional areas 
of blood capillaries is greater than the cross- 
sectional area of the main artery. 

(3) The flow speed of the liquid at the end of the 
tube increases according to the continuity 
equation (Ауу =A). 


{Answers of New Types of questions | 


[First | Choose two correct answers 


(110) cross-section x equals 2 v 
© cross-section z equals 4 v 
[2.109] the volume flow rate of the liquid from 
the pipe = 1073 m/s 


@ the flow speed of the liquid through 
the pipe = 1 m/s 


EE S 


Put in front of each of the following 
sentences the type of flow that it 


expresses 
(1) Steady flow (2) Turbulent flow 
(3) Turbulent flow (4) Steady flow 


[chapter 47] Lesson Two | 
MAJ Multiple choice questions 


@O the liquid viscosity 
(21O) remains constant 
(370) increases 

@® 

Ө the ball radius 


О the frictional force between the swimmer and 
water 


- When the swimmer dives in water, the direction 
of: 


D his weight will be downwards. 
(2) the frictional force between his body and 
water will be upwards. 
© the buoyant force of water will push him 
upwards. 
- When the swimmer rises towards the surface of 
water, the direction of : 
CD his weight will be downwards, 
Q the frictional force between his body and 
water will be downwards. 
O the buoyant force of water will push him 
upwards, 
7^. The force that changes its direction is the 
frictional force between the swimmer and water. 
ФОР, < Е, 
Ө increases 
Qo greater than t because the viscosity of w: 
greater than that of air 


ater is 


QD less than the average speed of ball y 
O zero 
@Bo in glycerin 


(BG x 


ФР directly proportional to the speed of the car 

[15] © directly proportional to the square of the speed 
of the car. 

@ © greater than Q 

@s 208 Мат 

10x 5x 107 


= 2.08 Мали“ 
20x 40x 10° x3 


(B LS4N 
Ф141 кет 


@©10°N 


00 x 


4 = (25 x) m/s 
pon, At 
„дахана ig 
BOF, >F, 


|есола Essay questions 


[1] (1) Because close to the river bank, the frictional 
forces which resist the flow of water increase 
such that (F = ==) and that decreases the 
probability of drifting away the aquatic plants 
due to the flowing water, 

(2) Because as the moving layer (sea waves) pels 
closer to the static layer (shore), the frictional 
forces that impede the motion of waves 
increases, so the speed of the waves decreases, 


d 
ri 


Answers of Chapter Ed 


(3) Because high floors are at large distances from 


Lesson Two 


the ground (static layer), the frictional forces 
that impede the motion of air layers decrease, 
hence the speed of airstream increases as 

the distance from the ground increases. 

(4) Because the frictional forces between the liquid 
layers and the solid body increase. 

(5) Due to the internal frictional forces between the 
layers of a liquid that reduce the speed of their 
motions gradually till they stop. 

(6) Because as the distance between the moving 
layer fo a liquid (water stream) and the static 
layer (riverbed) increases, the forces that 
impede the motion of water decreases, hence 
the speed of water stream increases and the 
swimmer will need to exert more effort to 


overcome the speed of water stream. 

(7) Because the viscosity of water is greater than 
that of air so that the forces that resist the 
motion of an object in water are greater than 
the forces that resist the motion of the same 
object in air. 

(8) To decrease the generated heat due to friction 
between the parts of the machine when it is 
operated and to protect its parts from corrosion. 

(9) Because the viscosity of liquids decreases as 
temperature increases. 

(10) Because fluids of high viscosity remain 
attached to the machine parts and do not 
sweep away or sputter from the machine parts 
during their motion, hence the generated heat 
due to the friction between the machine parts 
gets reduced and the parts are protected from 
corrosion. 

(11) Because water has low viscosity, so it sweeps 
away and sputter from the machine parts during 
their motion due to its weak adhesive forces 
with them. 

(12 : 14) Answer by yourself. 


ди) The required tangential force increases to 
the double because (F œ A). 
(2) The viscosity of the liquid increases, 
(3) High amount of heat gi 
friction during operation that leads to machine 


[8 — 


rated due to 


parts’ corrosion. 


(пола ex] (oue) OW eu Lolli 


(4) The fuel consumption rate of the car increases 
because the resistance of air to the car motion 
becomes directly proportional to the square of 
the speed of the car at high speeds. 


[3] Because as the moving layer gets closer to the 
static layer, the frictional forces due to viscosity 
increase, hence the speed decreases and the speed 
of water at the middle of the river stream becomes 
higher than its speed close to the river bank, so: 

- During sailing from Aswan to Cairo the ship 
is moving in the same direction of the water 
currents of the Nile, so the captain sails the ship 
in the middle of the river stream to move faster. 

- During sailing from Cairo to Aswan the ship is 
moving against the direction of the water currents 
of the Nile, so the captain sails the ship closer to 
the river bank where the water resistance to the 
motion of the ship becomes small. 

o The submarine needs a greater force to push it 
inside water. 


(Answers of New Types of questions | 


|'rirst:| Choose two correct answers 


Q Gc. 6 
Ө © the liquid viscosity coefficient remains unchanged 


@ the velocity difference between the two plates 
increases 


From the shown figure answer the following 
(1) No change (2) Decrease 
(3) No change (4) No change 


" B] choose the correct answer 

1 9 

| 903 

5 eo 

© @ the speed of the liquid at z equals its speed at y 
OO 1 hour 

@O©285N 

Ө © remains constant 


Ө 0016 ms 


Q ®© Bal B 
Q $04 ms 
@ © 900 kg 


Second] Answer the following questions 


@ The flow of the liquid becomes turbulent. 


[12] О =Ау 
105 20.1 x 10% v 
у= 0.1 m/s 

(B Viscosity of d > That of b > That of a > That of c. 
because after 2 s the ball moved a distance through 
liquid d less than b and in b less than a and in 
a less than c. 

(mc flow speed of the liquid gets higher at the 
narrower section which is section B according to the 
continuity equation Avy, =A,y, =A, У, 80 as the 
cross-sectional area of the tube decreases, the flow 


speed increases. 

[15] Because viscosity decreases as temperature 
increases so in summer a higher viscous oil is 
better for the engine. 

(D The best way to save the fuel is by reducing the 
car speed to reduce the resistance of air to the car 
motion because at higher speeds the air resistance 
due to viscosity gets proportional to the square of 
the car speed which leads to a higher consumption 
of the fuel. 


[17] Ajv-n Av. 
2 2 
nv, -nrv, 


2 2Y x40 x 10? 


5 = 7.2 x 10° capillaries 
(4x 105? x 5 x 107 * 5 


Answers of Accumulative 
Test on Chapters 1,2 & 4 


153 choose the correct answer 


[1] (B) halved 
Ө 100° 

[3] (B 447 cm 
Ө © 703 kg/m? 


— Answers of Accumulative Test on 


Chapters 1,2&4 


(510) 751m - For the shortest wavelength : 
The speed of sound in the track (у,) sin 0, = sin ah. =e 
= 20 v, (in air) 
time in air) — t, (in the track) + At MISI 
air) — t, (in the tra 
t, (time in air) = t, Cir ack) m 60 —32.18° = 27.82° 
4720 va sin Ө, =n sin ф,= 1.538 sin 27.82 
z z 8, = 45.87 
i- 20 Ё x 5. 4 
Ext | 2. The range of refraction angles is from 44.139 
e == = А for the longest visible wavelengths to 45.87 
| А for the shortest visible wavelengths. 
t 
1 =20 - 
s 
Fl = 1 
At=19t, Qo,- Ам, А=т (14) 
At _ 2.1 
t 245735 70.11s (Va; 1 2 
ai о, at, =A, » A, ($8 
t=t+At= =2.1 +0.11 =2.21 ; 
= 1 
X=v,t, = 340 x 2.21 =751 m Мај =] == (14) ул @ 
2. i 2 
(6) © 3 @ © 36 minutes (V), -3L-x (4 a) № O 
0158 О (90.375 pm 
К From (1) and (2): 
@ © increase 
А А L=r (14) vat, 9 А 
ВЗ] Answer the following questions 
@ The angle of incidence ф, = 90 — 0, bem 59) aya @ 
СТЕ ЕРУ 
di SM Divide @ by @: 
n, sin >, =n, sin ф, 2 
ani. NA 1.4 
14 sin 41 = 12 sin ġ, 37x 
6, = 49.94* а ы 
n, sin ф,=п, sin ф, ts $ 
12 sin 49.94 = sind, * 
9,7 66.7° G@ (e), - (a), = A (n, - n 
6,=90 –ф, = 23.3* =7 (1.66 – 1.55) =0.77° 
(b) (œ ) =7 (0.55) = 3.85 
@ dy - № - 5 x10" X09 -033 mm o'r 
g 1.5 x 107 (а), =7 (0.66) = 4.62 
W = 5Ду = 1.64 mm е 
(D G) sin (90 - 9) = 1900-30) 
(6) - For the longest wavelength : а | 
ind, sin 55 9, =50.1 
sin Ө = Lat 1 1 1 
1 n 157 (b) sin $, 7 7 135 
0,2327 , ¢,=A-0, б=т 
%, = 60-327 = 27.32° (c) It will follow path A because the angle of 
sin Ө, =n sin , = 1.517 sin 27.32 incidence is greater than ф, (0, > 6). 
9,7 44.13° (d) 6, — 90 — 0, = 90 — 50.1 =39.9° 
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re 
Tw ae) 


()1-AtSem* , 1202 


2-Q, =Ау =60 х (1x 10° = 6 x 103 m/s 
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(chapter / 17] Lesson One J 


е D @ double the time of motion from z to x 


(Oo,4A © 


@ 
0 © the kinetic energy at y = The kinetic energy at k 

- The kinetic energy at point z has the maximum 
value and it decreases gradually with moving 
away from the equilibrium position. 
~, (KE), > (KE), = (KE), > (KE), = (KE), 

- The potential energy of the pendulum bob at x 
and ( has the maximum value and it decreases 
gradually with approaching the equilibrium 
position. 
> (PE), = (РЕ) > (PE), = (PE), > (PE), 

7. The answer is (C) the kinetic energy at y 


= The kinetic energy at k 
(PE), 
2)© ——» 
© (PE), 
n D Lesson Two J 
Өте = 2 x10 =6x 1035 
ъ= = d x 10' = 166.67 Hz 
Or: 
vat = 16667 Hz 
(c) Nay = = 28 cm 
2)0 92 0) + 
(2)0 02e (ii) () 7 b 
Gii) (b) increasing distance a to the double 
en (1) Transverse wave, 
(2) Longitudinal wave, 
2)6 + 
eno 
v=AuU и 28 = A 
BUE di 
vy 3 
1 
(јој 


77 The two waves are sound waves (same type) 
and they propagate in air (same medium). 


7 


.. They have the same speed. 


2. The speed of the sound of the man (v 


adis 
the same as the speed of the sound of the 
girl (ia) 
Ума 1 
Ya d 

(3) Doesn't change, Decreases. 

(4) 


Lesson One ] 


o Applying the laws of light reflection and according 
the geometry of the figure: 


sing А 
sin Ө 


OO ~ n= 
7 А, ф are constants. 
S0 
7. Light rays in medium x has the longest 
wavelength. 
7. The correct answer is (3). 
OW, =, - co* 


sin A 


n=—L 


sin 


sin Ө 
8 = 35.269 


Y= 180 — (i, 4-0) 


___ 7180- (60 + 35.26) = 84.749 
[2] > = 90 — 30 = 60° 


= Answers of Test Yourself Questions 


From the geometry of the shape: 
tan 9 - -L- 


"e EM NET 
“tan an30 — 


(1) 2 x 10° nvs 
(2) © increases by a value smaller than 5° 
(3) © will decrease 


o 
()4y-3& 
266x105 x1 
uxio* 
-26x10*m 


3cm 


(2)0) ©0.75 mm Q6 
eo 


у Ju №, _ 5000 
ДЕ = 177-5 Sos 
26,2627» 
1 
у ma 910) 
(2]sin 9, = LR mum 
sin Ф.) 
in (6), sin 41.81 
— Sin($), sin 43.23 
7 ф, = 16.74" 


[3] 1) Ф)Алрје (2) (2)®v,>v,>v, 
Oase 


7. Light ray x emerges from face BC, 
7. The correct answer is (4). 


(390.6 


Cx) Lesson Four J 


(1) 0, = 90 – 60 = 30° 
$, = 90-65 = 25° 
A=0, +6, =30 +25 = 55° 
sin $i 
us 
sin >, 
= sin 30 
7. ф, = 48.59? 
sin 0, 


sin Ф 
sin 0, 
77 5 25 
79, = 39.34° 
а= Ф, + 9, -À 


= 48.59 + 39.34 — 55 = 32.93° 


(1) @ decreases (2) (а) decreases 


Yes 


ТФ АП of them have the same deviation angle 
(2) 1, 8 
(1) (аду (6), = A (n, = n) 
= 10 (158 — 1,52) 
= 0),6° 


Boo, 


[8— — 


Y 


@ The statement is not true. 


ју The number of streamlines is constant through 
the same tube. 


+. The streamlines density at terminal y is greater 
than its density at terminal x. 


7. The speed of flow at y is higher than the speed 


of flow at x. 
О, = Av 
= лу 


=2x Qx 1073): xd 

2126 x 10? m/s 
Q,,= Фр 

= 1.26 x 107 x 1000 

= 1.26 kg/s 


(1) © increases to 16 times its origin: 
(2) @5у 
(3) (D 10? ms 


al value 


(0 It is better to design ships th 


at have smal] bottom 
areas because the resistance force due to viscosity 
is directly proportional to the area of the mo 


ving 
layer, hence as the area of Contact between the ship 


bottom and water decreases the force of Viscosity 
decreases. 


2 

MOF 
ОФА point B 
904 
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[.— Answer of General Exam | @ (а) -: (пф), 


|'First | Choose the correct answer 


Q 036€ 

Q (904.05 

e © 4v 

99i 

Q QD 1s, 2 ms 

(D @ 633 nm 

[15] © Cylinder 4 

[15] © mechanical waves 
(8) (d) increases in area 
GG: 

DOn 


ec: 
@©0.04 m 
OOP 

©@ greater than 1 
€ (2) 10 Hz 

Ф (5) point b 
ФФ 

© (2) greater than 1 


Фото, 
@© 135 


m 
T 134 
(sin 6,), = = ida: ^ 
na 7144 
= res us =107 
O) : sing, e Ў sin 9, = 134 


76,2 68.52° 
C Answer of General Exam X3 
(02157 choose the correct answer 


[second Answer the following questions 
n, 
SUY а 2 
@-a,=a (s -1) 
“G21 
® Because of the viscosity of air, the air layers which 
is closer to the ground move slower than the layers 
which are at high distances from the ground. 
QD - From water to the plastic plate: 
1.33 sin 35* 
=15 sin @, 
7.0, =30.6° 
- From plastic plate 
to air: 
15 sin 30.6 = sin СА 
= 6, =497° 
Another Solution : 
1.33 sin 35° =sin 9, 
9,-497* 
@ 15 sin30 - sing 
2.9 = 48.6° 


Зов зо Plastic plate 


69 (9 224 mis 
(917 


Ө! 
60 


6975 
(0 (3)684m 
O@154 
@O@37.8° 


Qo 
00i 
0 (3) 1.33 


Ф Ө) refracts toward the normal 

G5 бебе: 
09: BOs 

[17] o always dark 

B © the source frequency — (0) (а) greater than 1 


[20] (à) the refraction coefficient of the prism 


e (à) totally reflects 


Answer the following questions 


(22) To decrease the heat produced due to friction, to 


Protect the machine parts from corrosion and to 
increase their efficiency, 


а. aR AR 
2 Ду= АК · де ЛЕ 
€ y d ad y 


+. d= 575 х 107" х 275 

“n Ф==ех10 x275 
2.75 x 10° 

e ЈУ Momentum = Mass х Velocity 


= 575 um = 5.75 mm 


^ The viscosity of water is greater than that of air. 
7 The velocity of the body decreases more quickly 
When it moves in water than in air. 


*' momentum ec velocity 
-. The momentum of the body also decreases in 
water more quickly than in air. 
63 (а) ма 45 72520, , 8, = 30° 
se 2 sin 30 = sin 9, EA 9, = 45° 
b) 0=ф+0,-А ~ 0=45 +45 – 60 = 309 
e (a) A $10 = 25 cm 
(b)d=2x4x25=200cm 
e The light will emerge to the water because its 
angle of incidence is less than the critical angle 


between water and glass, where: 


В ay 
sin ф => , 


|'rirst;] Choose the correct answer 
00O до: 

Ө (023 Nsm* Ө @ 844.8 cm 

Ө @ 0°, 1.35 Ө © 46.89° 

© (3) decreases © @ increases 

o © The amplitude = The distance between z and y 
(95.02 Ф (302 n/s 
Gs 

[13] (©) row with a greater force 

86): (9 (2) greater than A 
[16] (5 It gets reflected because the angle of incidence 


is greater than the critical angle between the two 
media 


[17] © remains constant 

[15] ® The diffraction happens when light propagates 
in the same medium and the refraction happens 
when light transfers from one medium to another 

® © frequency €) (a) 471 kg 

e (à) all the previous 
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[second Answer the following questions 


[22] "ny sind, =n, sin 6, 


76,78, 
<- n, sin Ó, =n, sin СА 
~ 8,=0,=45° 


Ф: 


The wavelength of red light is greater than that 
of blue light and as Ay e« X. 

~<. The interference fringes will be more separated 
and noticeable. 


e The vibrational motion is considered a periodic 
motion because the body vibrates and repeats its 
motion in regular time intervals, but not every 
periodic motion is considered a vibrational motion 
as the motion of the Moon around Earth where it 
repeats itself in regular time intervals but it is not 
considered a vibrational motion. 


At minimum deviation: 


a +À 
sin( = ) 
LA 
sin (2) 
а +45 
2. 32.8? => а. = 20.5? 
até 20.5 +45 m 
ф=6,=— n4 2777-328 


[27] Angle of reflection from the surface of 
the mirror = 21° 
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14) 


(2155 Choose the correct answer 


Qos @©0.025N 

Ө (95936 Q 2)», «v, 

Ө (3)650 nm Өт, >т, >т, 
@ © remains constant ө (5) 45° 

О 6)674 х103пљ (Bis 
@@o1um (ЈОД 

[13] © 1.62 ® © yellow 
(SOLE OO Constant, Constant 
(© © sets refracted away from the normal line 
Феба Q G-0-0 
69e 


@ © increases, decreases 


Second Answer the following questions 
6)6=9–% 
sin ф =n sin (90 ~ фу 
sin ф = 1.55 cos ф 
tan ф = 1.55 
ф= 57.17° 


~ Amplitude = 10-7 =3 em 


7. The distance covered in complete vibration 
=3x4=12cm 
7. The distance covered during five complete 


vibrations = 12 x 5 = 60 cm 


e Because the angle of minimum deviation is defi 
from : 


ned 


1 (9, +A 
sin (574) 
п=г—2 7 


EI 

and A is constant for the same prism but the 
refractive index (n) changes by changing the 
wavelength of the used light, so the angle of 


minimum deviation changes with the wavelength. 


aa 


Ф: 


12cm 


B 
5 
^ 


6x 10? = Ax 100 x 10? 
8x10? 
X248x107m 


8 
3210 = 625 x 10" Hz 
4.8 x 107 


| Answer of General Exam X3 
53 choose the correct answer 


06) Ө © equal to 1 

Oimn oot 

@©30cms Ө (b) greater than 1 

@@2 Ө (© 100 Hz 

OOT © @s53.13° 

€ (5) 198 im (B (9) kg. mis? 

B (2) water increases by decreasing the cross- 
sectional area of the nozzle 


D (3) zero, maximum 
(80) emerges normal to the opposite face 
1 
Фор 069; 
5 sin(90-0) 4 
601 6907: -3 
6ђ @ longitudinal 


e When they encounters a sharp edge 


XT 


Answer the following que 


[22] Because when the outside is dark, the amount of 
light passing from the outside is very small, so the 
Person can see his image as a result of the reflection 
of the small amount of light reflected by the glass 
of the room's window and when there is light. . 
outside, the amount of light passing from outside ia 
larger than the amount of the reflected light, so itis 
difficult for the person to see his image. 


e Because the angle of deviation depends on the 
refractive index of the prism for the light color and 
it is inversely proportional to the wavelength of 
the light, so as the wavelength of violet light is less 
than the wavelength of red light, hence the angle 
of deviation of violet light is larger than that of red 
light. 


A LS 
22-2 = Сл - 450 

e sin 6. = x, sin >, A, ^ 600 

Jeb, = 48.6 

„and it is located in medium A 

У, 

@ - Q,-Av силу 

ds ze =ліу 

100/900 
EE TIO =л1 (02) 
т=01т 
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First | Choose the correct answer 


[1] О) greater than the critical angle between 
the prism and the Jiquid 


Өл», 12 
Ө © changes, remains constant 
1 
00i Өз" 
Ө © equal to 1 @ © sixth bright fringe 
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€ Q) 161 
Ф (23.8, 45° 


@ ©) 425m 
M (5) 0.77 kg/s 
65v 

[13] (5 the temperature of the fluid 
O00 xo; 
[16] (a) wavelength decreases to its half 


90) the wavelength of light in the first medium is 
smaller than the wavelength of light in the second 
medium 


«sr 
[19] © greater than 1 [20] © interference 


Є © the speed of the liquid at A is less than 
the speed of the liquid at B 


ЕО Answer the following questions 


trek 

"e Я 3 4 

И _ Ayd 2x10 х7х10 — 7 
whe R ^ 200x107 . =7х10 т 


[23] - The first angle of incidence (ф,) = The angle of 
emergence (8,) =, 
- The first angle of refraction (Ө) = The second 
angle of incidence (ф,) = 6, 
® The speed of water currents near the riverside is 
Jess than their speed in the middle of the river, 
so the aquatic plants could be seen at the slower 
currents region. 


_N_ 2048 _ 
Bav- = p =256 На 


()) T=4=39x 1035 

ae The optically rarer material (which has less 
refractive index) is used to make the external layer 
of the optical fiber, so it can reflect the light that 
may escape from the inner core. So, the double 
layer fiber decreases the loss of light energy. 


6)%=6,=> , А=ф,=45° 
халаф, = sino, +. 1.7 sin 5 = 5 sin0, 
~ 0, = 64.36° 
a=, +0,-A 
s 0-046436-45 ~ 0=1936° 


[8— 


EE 
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(2153 Choose the correct answer 


1 7) 


Q (510,2 Ө (5) 1000 
OO Ө Хов 

G (56 Q (55 mn 

© ©2560 vibrations 0021.73 

О (54025 Ф 125 Nom? 
MOLS ms @©a.c 

(8 (b) decrease ['4TOE 
69e Oem 


G (2) the absolute refractive index of glass is greater 
than the absolute refractive index of the other 


medium 
[15] (OL: [19] (8) less than one 
@ © radio waves (2110) n <n, 


Answer the following questions 
® Because as the temperature i 


increases, the Viscosity 
of the fluids decreases, so ћи 


опеу flows faster in 


+ A= 45X10? x01 x 19? 
да 45х10 хол x 107 


100 x 107 
@) ~ sin Ф. st 


П 
n 


=45х 1071 


NU mz X 
^ Sn E 


7 6,2 4875 


.. == 
ini] 


Uo tan (48.75) = i 


“r= 171 ст 


[5] У sin [x 1 


=——150 em ——- 


Light source 


= oi 1 
^ Ed c 


7 ф,=41 ве 

7626, 

7 The ray will totally 
reflect inside the Prism. 


@ (a) Longitudinal wave. 
(b) 


d(cm) 
33cm 
15 
95| у 15] Tz “ту 
-15 
@ ~ 0,>0,>0, “A <n <n 
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r 
Өз Ө хаах 
Ө (3) ed 


О total internal reflection 


[5] © equal to one 


Q (24e 
до» Ө (94859 
[9] © doesn't change 
Фу transverse, longitudinal 
Q 206 ФФ+ 
OO Фој» 
€B (2) material A © (2) greater than one 
[17] © Фо i hour 
О (3)2x10?, @ (2) 90° 
Q (343, 
| Second] Answer the following questions 
"e 1 smod 
(22) фаг, “sin 42 =— 
“n=1,49 


ЈУ sin ф= п sin 25° 
“^ ф = 39.179 


+. sin ф = 149 x sin 25 


ESTEE = фр = 149 
офр=бд = 14° 7. sin à, =n, sin Ө, 
asing = 1.6 sinld ~ фу =22.8° 

ARA 20.6) 
a EUM PESE 
G+ Oy) dy (A), = 515 х 19? 
2 (Ay), = 4000 A 
AR, A (0.8) 
~ (Ay), — Adi = — 
2 (AY), d, (Ay), 198197 
2 (Ay)p = 4571 А 
AR, 
C 
v(Ay)e-—— 
c de 
А (X08) 
5 Ayes 915x107 
2 (Дује = 5333 À 
= (Ду), < (Ay), < (Ау)с 
@ (a) 0 = 90° – 22° = 68° 
а нь. sui 
(b) агул n=; alU 


& To increase the flow speed of water at the nozzle of 
the hose where the flow speed of water is inversely 
proportional to the cross-sectional area based on the 
continuity equation, so the water rushing out of the 
hose can reach far distances. If the hoses are of wider 


nozzles, the water speed at the nozzle will decrease. 
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(2183 Choose the correct answer 
00) OO а < Aea 
© © 336.6 mis 0045 

Q (9 1.77 ms 

[6] (5 71.33° and it is located іп the container medium 
[7] О) o © greater than 1 
Q 53cm (D (916 

(D © Viscosity coefficient ( (с) 60" 

®@ the density of the liquid 

691 Goos 
Феј O@3526° 
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Фе @O©25 x 10 m/s 


(20100) fringes become more distant from each other 


ZOK 
hSecond | Answer the following questions 


e Because the range of wavelengths of visible 
light extends from 400 nm to 700 nm which arc 
very small wavelengths so that light diffraction 
doesn't appear because visible light needs very 
small aperture sizes for the appearance of light 
diffraction patterns. 

[23] As temperature decreases, the viscosity of the 
liquid increases, its resistance to the motion of a 
solid object inside it increases where the frictional 


forces between the liquid and the object increases. 


(24) +: The two waves propagate in the same medium. 


eh En 

UM T, 

T, „ħal 
kn “4,72 


+: The light ray deviates by an angle of 28° 
^ 0,2 OG +A = 28° + 35° = 63° 
^. n sin >, === Ө, 


sin Ө, 


X * m 

€5(3 (0), =А (n, - 1) =8 (15-1) =4° 
(а), =A (n, - 1) = 8(155- 1) =44° 

GO, 4444 


^ y 2 2 


(b) (a, – (a), = 4.4-4 = 04* 


n 
@ ©) n= 1-135 
8: 
(Њу ny sind, 2n, sin EA 
2 $ sin 60 = 1,8 sin 8, 26, = 39.9" 
7 0, =, = 39.9" 
a he = 33.75" 


2. The ray will not refract into air. 
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First] Choose the correct answer 
(ТОК @@0.003 m 

О 1.66 900175 
Ө3х10,12 Q © 100, 30 

Ө ®© remains constant Ө (2) 1.2 mm 

О (75^, 60° (0 © 48.59° in medium Y 
Q Qin 

[12] © the distance between the two slits increases 
(8 (2) emerge tangent to this face 

(8 (2502 cms (B (a) greater than 1 
[16] © Mechanical energy 

G © the first angle of incidence 

© © the wavelength increases 

905 

(20) ® Diffraction 

D@©30 


[Second | Answer the following questions 


e- n=% о а 


® +: sin ф, =i 


E 


B) In medium 


resulting from air viscosity is di 


and Uniform s; CC ir 
Speeds ai Tesi 
Sistancg 
ce 


TC 
to the speed i y “Potion 
speed of the moving body and wh al 
uh еп the 
ain limit, the air resistangg 
becomes directly Proportional to the Square of 
Square oy 


€ speed itself leading toa 
noticeable increase in fuel consumi 


speed exceeds a cert 


the speed and not th 


tion, so the 


driver has to consider not Exceeding such limit 
" Ц 


(80 – 90 km/h). 
@ At position O 
D ~ 6, -90- 6, 
7$,70 
78,290-6, 
w sin $, = 1.33 sin 9, 
^. sin $, = 1.33 sin (90 6.) 
Л. Sin ф, = 1.33 cos 9, 
<“. an ф = 1.33 
~ фу = 53° 
А [A = 90° — 53° = 37° 
@ (а) ^ n sin 30 = sin 49 
~n=15 
(b) ~ sin $ = 1.5 sin 35 
^ фу = 59.369 
^ 0-20, +0,-A 
^. O = 59.36 + 49 – 65 = 43,36" 


